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A Green Process for Niacinamide Production
Abstract
This project proposes a plant in which niacinamide can be produced with an environmentally green process.
Specifically, it takes 2-methyl-1,5-pentanediamine (MPDA) as a starting reactant and converts it to picoline
before subsequently converting it to niacinamide and purifying the final product. By following this particular
reaction path, the process avoids the more classic method of preparation by which nicotine is oxidized with
potassium dichromate, a reaction with considerably more toxic reactants and waste. Along with this more
sustainable reaction path, care was taken to ensure the process was as green as possible at each step along the
way.
The primary global supplier of niacin is Lonza, whose patent provided the base upon which this process was
developed. Only preliminary data was furnished by the patent; the majority of the process presented within
this portfolio was developed with limited information from the patent reference.
The base-case process presented in this project consists of three main sections; Block 100 involves the
conversion of MPDA into picoline, Block 200 involves the formation of niacinamide from picoline, and Block
300 involves the separation and purification of the niacinamide into the final marketable product. A final
purity of 97.7% by weight was achieved. Rigorous economic analysis was performed on the entirety of the
process, yielding an NPV of $4,932,800 after 20 years and an internal rate of return (IRR) of 16.82% after the
third year. Although each of these indicate a positive return on investment, as the economic success of this
process is highly subject to the market value of both the feedstock MPDA and product niacinamide, further
investigation may be necessary before final project approval.
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University of Pennsylvania 
School of Engineering and Applied Science 
Department of Chemical and Biomolecular Engineering 
220 South 33rd Street 
Philadelphia, PA 19104 
 
April 9, 2013 
 
Dear Mr. Fabiano and Dr. Holleran, 
 
Enclosed is our proposed process design for the green production of niacinamide from an 
environmentally friendly facility, as specified in a problem statement by Mr. Fabiano. Our plant 
design entails two reaction sections and a separation train to obtain 97.7% by weight final product 
purity. We have also designed a Dowtherm distribution system to help achieve our heating 
requirements throughout the system. 
 
Our finalized process includes three distinct sections. In the first, 2-methyl-1,5-
pentanediamine is converted to 3-picoline, in the second section 3-picoline is converted to the desired 
product niacinamide, and the third separates and purifies the final product. By utilizing the raw 
material of 2-methyl-1,5-pentanediamine, this process is able to avoid the formation of harsh 
intermediates like acrolein and is significantly more sustainable and environmentally conscientious 
than previous niacin production processes. 
 
The following report details the specifics of the process, the equipment needs for each stage 
of the process, the estimated costs and power requirements of each piece of equipment, and a detailed 
economic analysis of the overall process. 
 
Detailed economic analyses, including sensitivities to key costing parameters, have been 
included. Environmental concerns and waste streams have been evaluated. Overall, the process is 
profitable with a return on investment of approximately 11.09%. However, this analysis is very 
sensitive to the market prices of both 2-methyl-1,5-pentanediamine and niacinamide in addition to 
requiring 14 years before a return on the investment can be collected. 
 
Sincerely, 
 
____________________                               ____________________ 
Praveen Bains                                                             Ashley Clark 
 
____________________                               ____________________ 
Amber Lowey                                                             Jamie Soo 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table of Contents  Bains, Clark, Lowey, Soo 
 
 
 
 
Table of Contents 
I. ABSTRACT ............................................................................................................................................. 1 
II. INTRODUCTION AND PROJECT CHARTER .............................................................................................. 3 
A. PROJECT CHARTER ........................................................................................................................... 4 
B. PROJECT MOTIVATION ..................................................................................................................... 5 
C. METHODS OF PRODUCTION .............................................................................................................. 7 
Raw Materials ....................................................................................................................................... 7 
Reaction ................................................................................................................................................ 8 
Sustainability ......................................................................................................................................... 9 
Plant Location ..................................................................................................................................... 10 
Plant Capacity ..................................................................................................................................... 10 
III. INNOVATION MAP .......................................................................................................................... 11 
IV. CONCEPT STAGE ............................................................................................................................ 13 
A. MARKET AND COMPETITIVE ANALYSIS ......................................................................................... 14 
V. PROCESS DESIGN ................................................................................................................................. 17 
A. PROCESS FLOW DIAGRAM AND MATERIAL BALANCES ................................................................. 18 
Block (100)  ........................................................................................................................................ 19 
Block (200) ......................................................................................................................................... 21 
Block (300) ......................................................................................................................................... 25 
B. PROCESS DESCRIPTION .................................................................................................................. 27 
Block (100): Reaction Train 1—MPDA to PIC .................................................................................. 27 
Block (200): Reaction Train 2—PIC to Niacinamide ......................................................................... 33 
Block (300): Niacinaide Purification .................................................................................................. 39 
C. EQUIPMENT LIST AND UNIT DESCRIPTIONS ................................................................................... 43 
Block (100) ......................................................................................................................................... 43 
Block (200) ......................................................................................................................................... 51 
Block (300) ......................................................................................................................................... 59 
D. EQUIPMENT SPECIFICATION SHEETS .............................................................................................. 65 
E. EQUIPMENT COST SUMMARY ...................................................................................................... 112 
F. FIXED-CAPITAL INVESTMENT SUMMARY .................................................................................... 114 
G. OTHER IMPORTANT CONSIDERATIONS ........................................................................................ 117 
Environmental and Safety Considerations ........................................................................................ 117 
Catalyst Regeneration ....................................................................................................................... 119 
Table of Contents  Bains, Clark, Lowey, Soo 
 
 
 
 
Startup Considerations ...................................................................................................................... 120 
Purity Improvement .......................................................................................................................... 121 
Schedule ............................................................................................................................................ 122 
Miscellaneous ................................................................................................................................... 122 
H. ENERGY BALANCE AND UTILITY REQUIREMENTS ...................................................................... 123 
Energy Balance ................................................................................................................................. 123 
Utility Requirements ......................................................................................................................... 125 
I. OPERATING COST AND ECONOMIC ANALYSIS ............................................................................. 131 
Operating Cost Summary .................................................................................................................. 132 
Cash Flow and Profitability Analysis ............................................................................................... 135 
J. SENSITIVITY ANALYSES ............................................................................................................... 137 
Product Price and Variable Costs ...................................................................................................... 137 
Feedstock Price ................................................................................................................................. 139 
Inflation Rate .................................................................................................................................... 140 
MPDA to Niacinamide Ratio ............................................................................................................ 140 
VI. CONCLUSIONS AND RECOMMENDATIONS .................................................................................... 143 
VII. ACKNOWLEDGMENTS .................................................................................................................. 147 
VIII. REFERENCES ................................................................................................................................ 149 
IX. APPENDIX ..................................................................................................................................... 159 
A. PROBLEM STATEMENT ................................................................................................................. 160 
B. RELEVANT PATENTS .................................................................................................................... 162 
C. ASPEN SIMULATIONS AND REPORTS .......................................................................................... 169 
D. SAMPLE DESIGN AND COST CALCULATIONS ............................................................................... 233 
Sample Catalyst Regeneration Oxygen Flow Calculations (R-101) ................................................. 234 
Sample Catalyst Price Calculations (R-101) ..................................................................................... 235 
Sample Catalyst Price Calculations (R-102) ..................................................................................... 236 
Sample Catalyst Price Calculations (R-201) ..................................................................................... 237 
Sample Catalyst Price Calculations (R-202A, B, C)......................................................................... 237 
Sample Adsorbent (Activated Carbon) Calculations (DC-301) ........................................................ 239 
Refrigeration Power Requirements Chart ......................................................................................... 239 
Sample Calculations: Dowtherm System .......................................................................................... 239 
Sample Calculations: Distillation or Absorbing Column .................................................................. 241 
Sample Agitator Calculations for R-202 ........................................................................................... 245 
Table of Contents  Bains, Clark, Lowey, Soo 
 
 
 
 
Sample Blower Calculations (B-101) ............................................................................................... 247 
Sample Compressor Calculations (C-101) ........................................................................................ 248 
Sample Vapor Liquid Separator Calculations ................................................................................... 249 
Sample Heat Exchanger Calculations ............................................................................................... 250 
Sample Vertical Pressure Vessel Calculations .................................................................................. 251 
Sample Pump Calculations ............................................................................................................... 252 
Sample Reactor Calculations (R-202A, B, C) .................................................................................. 253 
Sample Storage Vessel Calculations (T-101) ................................................................................... 254 
E. PROFITABILITY ANALYSIS SPREADSHEET ................................................................................... 256 
F. MSDS AND COMPOUND DATA .................................................................................................... 262 
 
  
 
   
 
  
  
 
 
 
 
 
 
 
 
I. ABSTRACT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table of Contents  Bains, Clark, Lowey, Soo 
 
 
 
2 
A. ABSTRACT 
 
This project proposes a plant in which niacinamide can be produced with an environmentally green 
process. Specifically, it takes 2-methyl-1,5-pentanediamine (MPDA) as a starting reactant and converts it 
to picoline before subsequently converting it to niacinamide and purifying the final product. By following 
this particular reaction path, the process avoids the more classic method of preparation by which nicotine 
is oxidized with potassium dichromate, a reaction with considerably more toxic reactants and waste. 
Along with this more sustainable reaction path, care was taken to ensure the process was as green as 
possible at each step along the way. 
The primary global supplier of niacin is Lonza, whose patent provided the base upon which this process 
was developed. Only preliminary data was furnished by the patent; the majority of the process presented 
within this portfolio was developed with limited information from the patent reference.  
The base-case process presented in this project consists of three main sections; Block 100 involves the 
conversion of MPDA into picoline, Block 200 involves the formation of niacinamide from picoline, and 
Block 300 involves the separation and purification of the niacinamide into the final marketable product. A 
final purity of 97.7% by weight was achieved. Rigorous economic analysis was performed on the entirety 
of the process, yielding an NPV of $4,932,800 after 20 years and an internal rate of return (IRR) of 16.82% 
after the third year. Although each of these indicate a positive return on investment, as the economic 
success of this process is highly subject to the market value of both the feedstock MPDA and product 
niacinamide, further investigation may be necessary before final project approval. 
 
 
 
  
 
 
 
 
 
 
 
 
 
II.   INTRODUCTION AND 
PROJECT CHARTER 
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A. PROJECT CHARTER  
Project Name A Green Process for Niacinamide Production 
  
Project Champion Professor Leonard A. Fabiano, U. Penn 
  
Project Advisor Dr. Sean P. Holleran, U. Penn 
  
Project Leaders Praveen Bains, Ashley Clark, Amber Lowey, Jamie Soo 
  
Specific Goals Design and determine the economic viability of a plant that produces competitive 
amounts of niacinamide to capture an equivalent amount of market share of 
niacinamide as the Lonza company 
  
Project Scope In Scope 
 Determining the world market for niacin and the current worldwide 
production capacity 
 Determining the selling price of niacin 
 Developing a process design of a facility that produces 27.7 MM lbs/yr 
niacinamide based on the Lonza process 
 Building upon and fully realize the existing process flowsheet described in 
Lonza’s patent 
 Completing approximate equipment sizing and costing 
 Determining economic viability of the proposed facility  
 Producing  niacinamide of at least 95 weight % purity 
 
Out of Scope 
 Verifying reaction kinetics, conversions, and yields proposed in the Lonza 
patent 
 Developing wastewater treatment facilities, air scrubbing units, Dowtherm 
heating systems, and refrigeration systems 
 Determining safety layout of facilities 
  
Deliverables  Full Plant Design 
 Detailed Economic Analysis  
 Approximate Equipment Sizing 
  
Timeline  Initial process design completed by February 19th, 2013 
 Initial equipment sizing completed by March 12th , 2013 
 Initial economic analysis completed by March 26th, 2013 
 Deliverables completed by April 9th, 2013  
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5 
B. PROJECT MOTIVATION 
 
This project has been commissioned to produce niacin on a scale capable of being competitive in the 
world markets and of comparable market share as primary producers such as Lonza or Jubilant. 
Additionally, this project is intended to explore various methods of reducing the environmental footprint 
of the overall process and improving its general sustainability. Niacin is important as a supplement for 
human consumption and as an additive to animal feed. Naturally, these markets have differing standards 
of purity. The importance of niacin is further discussed in the Market and Competitive Analysis in section 
IV Concept Stage.  
The process that was developed was modeled on the Lonza process patent, a niacin production method 
which utilizes picoline as an intermediate reactant known for its “green chemistry”. This additional step 
allows the use of acrolein to be avoided, thereby reducing the amount of hazardous intermediates 
involved. Aside from the reaction process itself, the Lonza process has also established a set of guidelines 
which encompass nearly every factor of production from choice of feedstock to treatment of wastes, 
aimed at minimizing the overall footprint of production.  
Beyond the adoption of the use of picoline, the Lonza process takes many other green factors into account 
including the choice of feedstock, the reaction path, and the choice of catalyst. In keeping with these 
guidelines, manufacture of the process’ feedstock should be environmentally friendly, a reaction path 
should be selected as to minimize the overall energy required by the reaction. The selection of catalyst 
takes into account means obtained, availability, cost, efficiency (frequency of replacement), and 
recyclability. In addition to the parameters outlined by the Lonza patent, this project made a specific 
effort to design a more efficient separation train, to minimize the amount of pollutants and waste streams, 
and to ensure the proper treatment and disposal of all auxiliary, side, and intermediate products. 
Finally, to enter a pre-existing market, the economic feasibility of production must be analyzed. Taking 
into account overall market capacity, established market prices of both product and feedstock, operating 
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6 
costs and initial capital investment for a determined ideal production rate, the final profitability and return 
on investment must be calculated.  
The project aims to develop a process which improves the environmental impact of production and can 
thus be simultaneously profitable and environmentally sustainable. 
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C. METHODS OF PRODUCTION 
Patent US5719045 from Lonza served as the basis for our process, providing the reaction pathway and 
reactor conditions necessary for niacinamide production. A separation and purification process was then 
designed to obtain the necessary purity for our targeted market of 95% for animal feed. The production 
begins with a series of four reactor systems: two tubular reactors, one packed-bed reaction, and 
continuously-stirred tank reactors (CSTRs) in series. The biocatalyst Rhodococcus rhodocrous is used in 
the CSTRs. Hydrogen is separated after the second reactor for use as the Dowtherm system fuel. The 
slurry product stream then undergoes a single distillation, two flash vaporizers, and concludes at a 
nitrogen-fed dryer. The result is a final product stream of niacinamide with 97.7 weight % purity as a 
powder. This is suitable for the animal feed market. 
Raw Materials 
The raw materials for the process include MPDA, water, oxygen, and nitrogen. The table below denotes 
the cost of each of these. The cost of MPDA was estimated by dividing the cost of MPDA from Sigma 
Aldrich by a factor of 10. This factor was determined by comparing bulk and non-bulk prices of other 
chemicals, such as niacinamide. 
Raw Material Price ($ /lb) 
MPDA $3.091 
Process Water $7.5 × 10
-4
 
Oxygen $0.035 
Nitrogen $0.050 
Table C1. Raw material prices for niacinamide production. 
The catalysts were priced according to their composition and were chosen following the suggestions 
offered by Lonza’s patent US5719045. Table C2 lists each catalysts and its price. Please refer to the 
Sample Catalyst Calculations in Appendix IX for catalyst costing methods. 
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Catalyst Total Price ($/) 
HZSM-5 (Zeolite) $3,810 
Pd-SiO2/Al2O3 $783,300 
V2O5/TiO2/ZrO2/MoO3 $1,646,000 
Rhodococcus rhodocrous $153,900 
Table C2. Prices of catalysts used in niacinamide production. 
Reaction 
The reaction pathway proposed by Lonza in the patent US5719045 was followed to produce niacinamide. 
The Lonza method of niacin production follows two stages with two reactions in each. The first set 
produces the starting material for niacin production, 3-picoline. The second set oxidizes the picoline to 
form niacinamide and niacin.  
The process begins with MPDA as the starting raw material, which is a byproduct of the nylon-6,6 
industry. The liquid MPDA is first vaporized and is converted to 3-methylpiperidine (MPI) via 
deamination, resulting in a ring closure. This exothermic reaction takes place in the presence of the zeolite 
catalyst, HZSM-5: 
[MPDA]  [MPI] + [NH3]     (1) 
The methyl piperidine is then dehydrogenated endothermically to 3-picoline (PIC) over a Pd-SiO2/Al2O3 
catalyst: 
[MPI]   [PIC] + 3 [H2]     (2) 
During this step, a side reaction converts about 10% of the picoline into various byproducts:
 
 
2 [PIC] + 15  [O2]  [N2] + 12 [CO2] + 7 [H2O]   (3) 
The remaining picoline undergoes an exothermic ammoxidation V2O5/TiO2/ZrO2/MoO3 catalyst to form 
3-cyanopyridine (CNP):
 
 
[PIC] +  [O2] + [NH3]  [CNP] + 3 [H2O]    (4) 
Finally, a biocatalyst (nitrile hydratase produced by Rhodococcus rhodocrous J1) helps to convert the 
CNP into niacinamide via an enzymatic hydrolysis process. 

1
2

3
2
II. Introduction and Project Charter  Bains, Clark, Lowey, Soo 
 
 
9 
[CNP] + [H2O]  [niacinamide]    (5) 
The yields of niacinamide are determined by adjusting the pH of the fourth reactor, which consists of 
three CSTRs in series. The products then travel through a separation train to form a high purity, powdered 
form. 
An overview of the reaction steps are shown below, reproduced from a paper written by Roderick Chuck 
from Lonza. 
 
Figure 1. Conversion of MPDA to MPI and MPI to PIC. 
 
 
 
 
 
 
Figure 2. Conversion of PIC to CNP and then CNP to niacinamide. 
 
Sustainability 
As mentioned in the introduction, a main motivation for this project is incorporating green or sustainable 
methods with the process design. Roderick Chuck from Lonza in his paper entitled Technology 
Development in Nicotinate Production outlined key factors for the patented reaction pathway. The 
following green advantages were noted: use of air as an oxidant in lieu of another chemical, use of 
catalysts to increase reaction rate, reaction conditions that allow for the catalyst to be easily regenerated, 
 
Niacinamide 
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10 
atmospheric pressure for each reaction, and recoverable energy from the exothermic reactions. While 
building the niacinamide production process, careful attention was given to increasing its sustainability. 
In the Lonza patent, the hydrogen gas was burned directly to evaporate the MPDA. In this project, the 
hydrogen byproduct is separated and sent to fuel a Dowtherm heating system. Dowtherm A is used as a 
heat transfer fluid that maintains the high temperatures required for the dehydrogenation reaction and 
other heat exchangers. Wet scrubbers are used to remove the minimal CO2 released during the process. 
Furthermore, the startup fuel chosen for the Dowtherm system is renewable natural gas, an upgraded 
version of biogas, which releases less CO2 than natural gas. Renewable natural gas does not require 
hydraulic fracturing as it is created from biomass. These aspects contribute to the overall sustainability of 
the niacinamide production process. Additionally, water is the only solvent required, and toxic chemical 
such as ammonia and Dowtherm A are recycled within the system. 
Plant Location 
The niacinamide production plant will be located in Michigan, due to its proximity to a producer of the 
raw material MPDA, Invista. Invista owns a manufacturing plant in Mississauga, Ontario, just across the 
lake. This will reduce cost of transportation greatly. The proximity of other chemical plants in the area 
also indicates the availability of utilities for running a process plant. For distribution of the product, this 
location also offers integration into an existing network of the targeted market, animal feedstock.  
Plant Capacity 
The plant will produce 3,452 lb/hr of niacinamide at 97.7% purity. The plant will be online for 335 days 
of the year for a total of 8,026 hours. This results in a yearly output of 27.7 million lbs. Additionally the 
plant will produce and separate 1.4 million lbs of hydrogen per year for use in the Dowtherm system. The 
remaining 30 days will be used for maintenance, safety inspections, and catalyst regeneration. 
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A. MARKET AND COMPETITIVE ANALYSIS 
The term niacin is commonly used to describe both nicotinic acid and niacinamide. Both of these 
compounds are water-soluble and are part of the vitamin B group. Nicotinic acid and niacinamide are 
necessary for all living cells as they are essential contributors to proper carbohydrate, protein and lipid 
metabolism. 
Niacinamide and nicotinic acid are components of the coenzymes niacinamide dinucleotide (NAD) and 
niacinamide adenine dinucleotide phosphate (NADP), which are both key intermediates in the metabolic 
process. More than 40 biochemical reactions have been identified that utilize these coenzymes, 
particularly in relation to the skin, gastrointestinal tract and nervous system. In humans, a deficiency of 
niacin can result in a wide variety of symptoms, from severe digestive system disorders, to weakness, skin 
discoloration, loss of appetite, and retarded growth.  
Due to its great importance in biological functions, niacin is most commonly used in feed, food, and 
pharmaceutical industries. The global market size of niacin and niacinamide is over $400 million USD, 
with an estimated production rate of 20,200 metric ton per year (TPA) or 44,603,000 lbs/yr (Lonza Group, 
Ltd., 2011).  Its largest market demand is as a feed supplement feed for stock animals, accounting for 60-
70% of the total market. The remaining 30-40% of the market is divided amongst human nutrition, 
cosmetics, pharmaceuticals, and other technical applications including the preparation of metal surfaces 
(Feedinfo News Services, 2012). 
The purity necessitated by each of these applications varies greatly, with human consumption demanding 
the highest purity standards of 99.5%.  The top markets, located in North America, Europe, and China, 
have seen significant growth over the past several years. The overall projected global demand niacin 
growth over the next few years is 5-7% (Feedinfo News Services, 2012). 
The two primary competitors in niacin and niacinamide production are Lonza and Jubilant. Lonza, whose 
patent was used as a starting point for this project, controls a little more than half of the world’s 
IV. Concept Stage  Bains, Clark, Lowey, Soo  
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production with a production rate of 10,700 TPA (2,362,000 lbs/yr). Lonza controls three large-scale 
plants, one operating in Switzerland where the firm is based and two others operating in China 
(Pharmaceutical-Technology, 2011). Jubilant is based in India, and as of 2011, has a commercial 
production rate of 10,000 TPA niacinamide per year. 
The plant designed in this report will produce 3,452 lb/hr of niacinamide at 97.7% by weight purity, 
targeting the animal nutrition industry as our primary consumer.  This targeted output is intended to be 
competitive with Lonza and Jubilant but will not flood the market. 
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A. PROCESS FLOW DIAGRAM AND MATERIAL BALANCES 
Outlined below are the overall mass balance and stream properties. On the reactor-side of the process 
only preliminary mass balances were performed since separation mass balances were calculated using 
ASPEN simulations later in the design process. Microsoft EXCEL was used to make sure that the mass 
balanced with the reactions and side products that were made in the overall reaction train. This EXCEL 
sheet can be seen in Appendix C. 
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  Block (100) 
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Name Formula MW(lb/lbmol) S-101 S-102 S-103 S-104 S-105 S-106 S-107 S-108 S-109 S-110
Oxygen O2 32 0 0 0 0 0 0 0 0 0 0
Hydrogen H2 2 0 0 0 0 0 0 0 0 0 0
Nitrogen N2 28 0 0 0 0 0 0 0 0 0 0
Ammonia NH3 17 0 0 2.00E-18 2.00E-18 2.00E-18 484.6719 484.6719 2.00E-18 2.00E-18 484.6719
Water H2O 18 0 0 0 0 0 0 0 0 0 0
Carbon Dioxide CO2 44 0 0 0 0 0 0 0 0 0 0
Niacinamide C6H6N2O 122.1 0 0 0 0 0 0 0 0 0 0
Methylpentanediamine C6H16N2 116.2 3306.93 3306.93 3340.33 3340.33 3340.33 33.40 0.00 33.40 33.40 0.00
Methylpiperidine C6H13N 99.2 0 0 3.13E-03 3.13E-03 3.13E-03 2822.2775 2822.2744 3.13E-03 3.13E-03 2822.2744
3-Methylpyridine C6H7N 93.1 0 0 0 0 0 0 0 0 0 0
3-Cyanopyridine C6H4N2 104.1 0 0 0 0 0 0 0 0 0 0
3306.93 3306.93 3340.34 3340.34 3340.34 3340.35 3306.95 33.40 33.40 3306.95
Temperature (F) 77 77.373 81.1415 527 560.2087 581 266.2846 402.3192 402.6851 393.1779
Pressure (psia) 14.5038 43.5113 43.5113 33.5113 72.5189 71.6486 14.6959 20.5459 43.5113 72.5189
Vapor Fraction 0 0 0 1 1 1 1 1.23E-08 0 1
Liquid Fraction 1 1 1 0 0 0 0 1 1 0
Enthalpy (BTU/hr) -2.03E+06 -2.03E+06 -2.05E+06 -5.79E+05 -5.23E+05 -9.75E+05 -1.50E+06 -1.38E+04 -1.38E+04 -1.31E+06
Name Formula MW(lb/lbmol) S-111 S-112 S-113 S-114 S-115 S-116 S-117 S-118 S-119
Oxygen O2 32 0 0 0 0 0 0 0 0 0
Hydrogen H2 2 0 170.3884 170.3884 170.3884 170.3884 0 0 3.04E-14 1.55E-13
Nitrogen N2 28 0 0 0 0 0 0 0 0 0
Ammonia NH3 17 484.6719 484.6719 484.6719 484.6719 4.2846 0 0 480.3873 1.83E-06
Water H2O 18 0 0 0 0 8.94E-10 1200 1200 1200 0
Carbon Dioxide CO2 44 0 0 0 0 0 0 0 0 0
Niacinamide C6H6N2O 122.1 0 0 0 0 0 0 0 0 0
Methylpentanediamine C6H16N2 116.2 3.63E-03 3.63E-03 3.69E-17 3.69E-17 0 0 0 0 3.63E-03
Methylpiperidine C6H13N 99.2 2822.2744 28.2227 1.47E-04 1.47E-04 3.09E-06 0 0 1.44E-04 28.2226
3-Methylpyridine C6H7N 93.1 0 2623.8311 1.4148 1.4148 7.03E-06 0 0 1.4148 2622.4163
3-Cyanopyridine C6H4N2 104.1 0 0 0 0 0 0 0 0 0
3306.95 3307.12 656.48 656.48 174.67 1200.00 1200.00 1681.80 2650.64
Temperature (F) 554 554 5.9902 313.672 -117.8784 90 90.9526 224.717 366.2599
Pressure (psia) 62.5189 42.2136 40 170 170 15 170 170 40
Vapor Fraction 1 1 1 1 1 0 0 5.12E-06 4.44E-07
Liquid Fraction 0 0 0 0 0 1 1 1 1
Enthalpy (BTU/hr) -1.02E+06 1.58E+06 -6.19E+05 -3.61E+05 -1.17E+05 -8.26E+06 -8.26E+06 -8.91E+06 1.08E+06
Flow Rate (lb/hr)
Block 100 (cont)
Total Mass Flow (lb/hr)
Total Mass Flow (lb/hr)
Flow Rate (lb/hr)
Block 100
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Block (200) 
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Name Formula MW(lb/lbmol) S-201 S-202 S-203 S-203A S-204 S-205 S-206 S-206A S-207 S-208
Oxygen O2 32 0 0 0 0 1481.4509 135.6763 135.6763 135.6763 135.6763 135.42
Hydrogen H2 2 3.34E-16 3.00E-14 1.85E-13 1.85E-13 0 0 0 0 0 0
Nitrogen N2 28 0 0 0 0 0 0.3946 0.3946 0.3946 0.3946 0.3945
Ammonia NH3 17 5.2843 475.103 475.1031 475.1031 0 7.89E-02 7.89E-02 7.89E-02 7.89E-02 4.25E-03
Water H2O 18 13.2 1186.8 1186.8 1186.8 0 2696.0476 2696.0476 2696.0476 2198.5821 2.5583
Carbon Dioxide CO2 44 0 0 0 0 0 7.4396 7.4396 7.4396 7.4396 7.1777
Niacinamide C6H6N2O 122.1 0 0 0 0 0 0 0 0 3372.1643 2.08E-04
Methylpentanediamine C6H16N2 116.2 0 0 3.63E-03 3.63E-03 0 3.63E-03 3.63E-03 3.63E-03 3.63E-03 1.56E-04
Methylpiperidine C6H13N 99.2 1.58E-06 1.42E-04 28.2227 28.2227 0 28.2227 28.2227 28.2227 28.2227 2.0383
3-Methylpyridine C6H7N 93.1 1.56E-02 1.3993 2623.8156 2623.8156 0 23.6143 23.6143 23.6143 23.6143 0.7393
3-Cyanopyridine C6H4N2 104.1 0 0 0 0 0 2903.918 2903.918 2903.918 29.0392 0.1032
18.50 1663.30 4313.95 4313.95 1481.45 5795.40 5795.40 5795.40 5795.22 148.44
Temperature (F) 224.717 224.717 626 158.8554 77 626 77 100 77 77
Pressure (psia) 170 170 30 40 39.4503 29.1298 19.1298 24.1298 14.7298 14.7298
Vapor Fraction 5.12E-06 5.1152E-06 1 0.060995 1 1 0.024904 0.025426 0.029574 1
Liquid Fraction 1 1 0 0.939 0 0 0.9751 0.9746 0.9704 0
Enthalpy (BTU/hr) -9.80E+04 -8.81E+06 -5.13E+06 -7.73E+06 -4.45E+02 -1.10E+07 -1.55E+06 -1.54E+07 -1.66E+07 -4.28E+04
Name Formula MW(lb/lbmol) S-209 S-210 S-211 S-212 S-213 S-214 S-215 S-216 S-217 S-218
Oxygen O2 32 135.42 0.2563 0.2563 135.6763 135.6763 135.6763 135.411 135.411 0.2654 0.2654
Hydrogen H2 2 0 0 0 0 0 0 0 0 0 0
Nitrogen N2 28 0.3945 8.58E-05 8.58E-05 0.3946 0.3946 0.3946 0.3945 0.3945 8.88E-05 8.88E-05
Ammonia NH3 17 4.25E-03 7.47E-02 7.47E-02 7.89E-02 7.89E-02 7.89E-02 4.12E-03 4.12E-03 7.48E-02 7.48E-02
Water H2O 18 2.5583 2196.0238 2196.0238 2198.5821 2198.5821 2198.5821 2.4717 2.4717 2196.1104 2196.1104
Carbon Dioxide CO2 44 7.1777 0.2619 0.2619 7.4396 7.4396 7.4396 7.1688 7.1688 0.2708 0.2708
Niacinamide C6H6N2O 122.1 2.08E-04 3372.1641 3372.1641 3372.1643 3372.1643 3372.1643 2.01E-04 2.01E-04 3372.1641 3372.1641
Methylpentanediamine C6H16N2 116.2 1.56E-04 3.47E-03 3.47E-03 3.63E-03 3.63E-03 3.63E-03 1.51E-04 1.51E-04 3.47E-03 3.47E-03
Methylpiperidine C6H13N 99.2 2.0383 26.1844 26.1844 28.2227 28.2227 28.2227 1.9747 1.9747 26.2481 26.2481
3-Methylpyridine C6H7N 93.1 0.7393 22.875 22.875 23.6143 23.6143 23.6143 0.7153 0.7153 22.8991 22.8991
3-Cyanopyridine C6H4N2 104.1 0.1032 28.936 28.936 29.0392 29.0392 29.0392 9.98E-02 9.98E-02 28.9394 28.9394
148.44 5646.78 5646.78 5795.22 5795.22 5795.22 148.24 148.24 5646.98 5646.98
Temperature (F) 249.416 77 77.1252 78.9689 77 77 77 228.908 77 77.1252
Pressure (psia) 31.8503 14.7298 29.7298 29.7298 19.7298 15.2298 15.2298 30.2298 15.2298 30.2298
Vapor Fraction 1 0 0 0.028952 0.029258 0.029534 1 1 0 0
Liquid Fraction 0 1 1 0.971 0.9707 0.9705 0 0 1 1
Enthalpy (BTU/hr) -3.69E+04 -1.66E+07 -1.66E+07 -1.66E+07 -1.66E+07 -1.66E+07 -4.22E+04 -3.71E+04 -1.66E+07 -1.66E+07
Flow Rate (lb/hr)
Flow Rate (lb/hr)
Block 200 (cont)
Total Mass Flow (lb/hr)
Total Mass Flow (lb/hr)
Block 200
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Block (200) (Streams continued) 
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Name Formula MW(lb/lbmol) S-219 S-220 S-221 S-222 S-223 S-224 S-225 S-226 S-227 S-228
Oxygen O2 32 135.6763 135.6763 135.6763 135.4019 135.4019 0.2744 0.2744 135.6763 135.6763 135.4641
Hydrogen H2 2 0 0 0 0 0 0 0 0 0 0
Nitrogen N2 28 0.3946 0.3946 0.3946 0.3945 0.3945 9.18E-05 9.18E-05 0.3946 0.3946 0.3946
Ammonia NH3 17 7.89E-02 7.89E-02 7.89E-02 3.99E-03 3.99E-03 7.49E-02 7.49E-02 7.89E-02 7.89E-02 1.32E-03
Water H2O 18 2198.5821 2198.5821 2198.5821 2.3908 2.3908 2196.1913 2196.1913 2198.5821 2198.5821 0.4615
Carbon Dioxide CO2 44 7.4396 7.4396 7.4396 7.1599 7.1599 0.2797 0.2797 7.4396 7.4396 7.0928
Niacinamide C6H6N2O 122.1 3372.1643 3372.1643 3372.1643 1.95E-04 1.95E-04 3372.1641 3372.1641 3372.1643 3372.1643 1.17E-05
Methylpentanediamine C6H16N2 116.2 3.63E-03 3.63E-03 3.63E-03 1.46E-04 1.46E-04 3.48E-03 3.48E-03 3.63E-03 3.63E-03 6.52E-05
Methylpiperidine C6H13N 99.2 28.2227 28.2227 28.2227 1.915 1.915 26.3078 26.3078 28.2227 28.2227 1.1116
3-Methylpyridine C6H7N 93.1 23.6143 23.6143 23.6143 0.6927 0.6927 22.9216 22.9216 23.6143 23.6143 0.3275
3-Cyanopyridine C6H4N2 104.1 29.0392 29.0392 29.0392 9.65E-02 9.65E-02 28.9426 28.9426 29.0392 29.0392 3.31E-02
5795.22 5795.22 5795.22 148.06 148.06 5647.16 5647.16 5795.22 5795.22 144.89
Temperature (F) 78.7705 77 77 77 275.3011 77 77.2505 79.3753 32 32
Pressure (psia) 30.2298 20.2298 15.7298 15.7298 37.7298 15.7298 45.7298 37.7298 27.7298 15
Vapor Fraction 0.028936 0.029234 0.029496 1 1 0 0 0.028787 0.028529 1
Liquid Fraction 0.9711 0.9708 0.9705 0 0 1 1 0.9712 0.9715 0
Enthalpy (BTU/hr) -1.66E+07 -1.66E+07 -1.66E+07 -4.17E+04 -3.50E+04 -1.66E+07 -1.66E+07 -1.66E+07 -1.68E+07 -3.16E+04
Name Formula MW(lb/lbmol) S-229 S-230 S-231
Oxygen O2 32 0.2122 0.2122 0.2122
Hydrogen H2 2 0 0 0
Nitrogen N2 28 5.32E-05 5.32E-05 5.32E-05
Ammonia NH3 17 7.76E-02 7.76E-02 7.76E-02
Water H2O 18 2198.1206 2198.1206 2198.1206
Carbon Dioxide CO2 44 0.3468 0.3468 0.3468
Niacinamide C6H6N2O 122.1 3372.1643 3372.1643 3372.1643
Methylpentanediamine C6H16N2 116.2 3.56E-03 3.56E-03 3.56E-03
Methylpiperidine C6H13N 99.2 27.1112 27.1112 27.1112
3-Methylpyridine C6H7N 93.1 23.2869 23.2869 23.2869
3-Cyanopyridine C6H4N2 104.1 29.0061 29.0061 29.0061
5650.33 5650.33 5650.33
Temperature (F) 32 32.2422 90
Pressure (psia) 15 45 35
Vapor Fraction 0 0 0
Liquid Fraction 1 1 1
Enthalpy (BTU/hr) -1.68E+07 -1.68E+07 -1.65E+07
Total Mass Flow (lb/hr)
Flow Rate (lb/hr)
Total Mass Flow (lb/hr)
Block 200 (cont) Flow Rate (lb/hr)
Block 200 (cont)
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Block (300) 
 
 
 
 
 
 
 
 
 
V. Process Design              Bains, Clark, Lowey, Soo 
 
 
 
26 
 
 
 
Name Formula MW(lb/lbmol) S-301 S-302 S-304 S-305 S-306 S-307 S-308 S-309 S-310 S-311
Oxygen O2 32 0.2129 0.2129 0.2129 0.2129 0.2129 0.2129 0 0 2.1222 2.1222
Hydrogen H2 2 3.34E-16 3.34E-16 3.34E-16 0 0 0 0 0 0 0
Nitrogen N2 28 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03 30.8796 30.8796 308.7963 308.7963
Ammonia NH3 17 53.5941 53.5941 53.5941 53.5941 53.5941 53.5941 0 0 53.6188 53.6188
Water H2O 18 2.21E+04 2.21E+04 2.21E+04 2.21E+04 2.21E+04 2.21E+04 0 0 2.21E+04 2.21E+04
Carbon Dioxide CO2 44 0.3659 0.3659 0.3659 0.3659 0.3659 0.3659 0 0 3.4681 3.4681
Niacinamide C6H6N2O 122.1 3372.1643 3372.1643 3372.1643 3372.1643 3372.1643 3372.1643 0 0 0 0
Methylpentanediamine C6H16N2 116.2 3.56E-03 3.56E-03 3.56E-03 3.56E-03 3.56E-03 3.56E-03 0 0 0 0
Methylpiperidine C6H13N 99.2 27.1112 27.1112 27.1112 27.1112 27.1112 27.1112 0 0 0 0
3-Methylpyridine C6H7N 93.1 23.3024 23.3024 23.3024 23.3024 23.3024 23.3024 0 0 0 0
3-Cyanopyridine C6H4N2 104.1 29.0061 29.0061 29.0061 29.0061 29.0061 29.0061 0 0 0 0
25618.76 25618.76 25618.76 25618.76 25618.76 25618.76 30.88 30.88 22481.01 22481.01
Temperature (F) 30.9724 77 77.0265 77 76.9392 392 77 392 387.1028 887.2012
Pressure (psia) 35 25 20 15 39.9465 29.9465 29.5007 19.5007 14.5007 68.0082
Vapor Fraction 0.00034792 0.00026201 0.00030069 0.00035328 0 1 1 1 1 1
Liquid Fraction 0.9997 0.9997 0.9997 0.9996 1 0 0 0 0 0
Enthalpy (BTU/hr) -1.55E+08 -1.54E+08 -1.54E+08 -1.54E+08 -1.54E+08 -1.25E+08 -5.9364 2425.2806 -0.3685 -1.19E+08
Name Formula MW(lb/lbmol) S-312 S-312A S-313 S-314 S-315 S-316 S-317 S-318 S-319
Oxygen O2 32 2.1222 2.1222 2.1214 0.2121 1.9093 0 7.50E-04 6.75E-04 7.50E-05
Hydrogen H2 2 0 0 0 0 0 0 0 0 0
Nitrogen N2 28 308.7963 308.7963 308.794 30.8794 277.9146 0 2.27E-03 2.04E-03 2.27E-04
Ammonia NH3 17 53.6188 53.6188 2.73E-02 2.73E-03 2.46E-02 0 53.5914 48.2323 5.3591
Water H2O 18 2.21E+04 2.21E+04 0.2025 2.03E-02 0.1823 0 2.21E+04 1.99E+04 2211.3003
Carbon Dioxide CO2 44 3.4681 3.4681 3.4469 0.3447 3.1022 0 2.12E-02 1.91E-02 2.12E-03
Niacinamide C6H6N2O 122.1 0 0 0 0 0 3372.1643 0 0 0
Methylpentanediamine C6H16N2 116.2 0 0 0 0 0 3.56E-03 0 0 0
Methylpiperidine C6H13N 99.2 0 0 0 0 0 27.1112 0 0 0
3-Methylpyridine C6H7N 93.1 0 0 0 0 0 23.3024 0 0 0
3-Cyanopyridine C6H4N2 104.1 0 0 0 0 0 29.0061 0 0 0
22481.01 22481.01 314.59 31.46 283.13 3451.59 22166.62 19950.25 2216.66
Temperature (F) 32 100 32 31.6692 31.6692 387.1028 32 32.0274 32.0274
Pressure (psia) 58.0082 63.0082 58.0082 48.0082 48.0082 14.5007 58.0082 48.0082 48.0082
Vapor Fraction 0.009 0.0091 1 1 1 0 0 1 1
Liquid Fraction 0.991 0.9909 0 0 0 1 1 0 0
Enthalpy (BTU/hr) -1.54E+08 -1.52E+08 -1.81E+04 -1810.8 -1.63E+04 -1.17E+06 -1.54E+08 -1.38E+08 -1.54E+07
Flow Rate (lb/hr)
Block 300 (cont)
Total Mass Flow (lb/hr)
Block 300
Total Mass Flow (lb/hr)
Flow Rate (lb/hr)
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B. PROCESS DESCRIPTION 
The proposed process is separated into three blocks. The first block (Block 100) involves the reaction 
train in which MPDA is converted to PIC. The second block (Block 200) involves the reaction train in 
which PIC is converted to the desired product: niacinamide. The last block (Block 300) includes the 
purification and separation of the niacinamide to give the desired end product. 
Block (100): Reaction Train 1—MPDA to PIC 
Summary 
S-101 is the input for the process containing liquid MPDA. This stream undergoes a pressure increase and 
is then passed through a heat exchanger where the MPDA is vaporized. The MPDA is then compressed 
and passed through the first reactor. Reactor 1 converts the MPDA to methylpiperidine with a byproduct 
of ammonia. More information about reactor 1 can be found in the Reactor Design section. The 
distillation column that follows separates out the unreacted MPDA to be recycled back into the first 
reactor while the remaining organic compounds and the ammonia continue through the process. The 
stream is compressed again and fed into Reactor 2 which converts the methylpiperidine to 3-picoline with 
a byproduct of hydrogen gas. 
The next vessel is an absorbing column that closely resembles a distillation tower. The distillate product 
is ammonia and hydrogen, which is fed into a second absorbing column where ammonia is absorbed into 
the incoming process water in stream S-116 and the hydrogen leaves the absorbing column via stream S-
115. This hydrogen would then be used for the fuel required by the Dowtherm process illustrated later, 
which is burned in excess air. The remaining ammonia and water stream, S-118, is fed into a splitter to be 
fed into the second block of the process. 
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Reactor Design 
Reactor Train 1 (R-101) 
The first step in the process is the cyclization/deamination of MPDA to form MPI and ammonia as a 
byproduct. This takes place through a tubular reactor at temperatures and pressures in the range of 572 – 
752°F and 0 – 145 psia respectively over activated Al2O3/SiO2 catalysts or zeolites. As the availability of 
information regarding the kinetics of the reaction is greatly limited, the initial basis of the reactor’s design 
was based on the patent by Lonza (Heveling et al., 1998) in which a range of reaction conditions and their 
corresponding yields and conversions for a bench-scale set-up were documented. The optimal conditions 
that gave the highest conversion for the first reaction were found to occur at 581°F at a pressure of 72.5 
psia with a mass hourly space velocity (MHSV) of 4.2 lb/lb-hr over HZSM-5 catalysts. The composition 
of HZSM-5 catalysts to be used is 54.5% of pentasil (Si/Al = 18) + 45.5% of binder.  
For the design of Reactor Train 1, similar reactions 
were researched to find the best reactor for the unit. 
In drawing similarities between the first reaction in 
the train and that of commercial naphtha reforming 
(Figure 3) - where straight-chained organics are 
converted into more useful products, usually cyclic 
materials, (Fundamentals of Industrial Catalytic 
Processes) - it was found that a semi-regenerative unit 
containing the catalyst outlined by Lonza may 
provide the best conversion. Therefore, Reactor Train 
1 is designed as a tubular reactor operating at 581°F 
at a pressure of 72.5 psia with a mass hourly space 
velocity (MHSV) of 0.6 lb/lb-hr over HZSM-5 
catalysts. The percentage conversion given in the patent for MPDA to MPI is 99.6%. The reaction is 
Figure 3. Schematic of the conventional catalytic 
naphtha reforming process. Source: Iranshahi, et al., 
2009 
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optimal at a temperature of 581°F, but the reaction is exothermic; therefore, the initial feed is sent through 
four reactors, each in increasing size, with a cooling unit between each reactor to keep a relatively 
constant temperature of 581°F. This allows the stream to stay within the range of optimal catalytic 
selectivity, overall conversion, and minimal catalyst degradation. By using this design, a similar 
conversion to that of what was expressed in the Lonza process with tubular reactors can be accomplished. 
Within each of these reactors, H-ZSM-5 would be used as the heterogeneous catalyst.  
Reactor Sizing 
Approximately 3,340 lb/hr of MPDA vapor at 560°F and 72.5 psia is fed into the first reactor of Reactor 
Train 1. When the MPDA vapor enters the first reactor, it reacts upon contact with the catalyst, increasing 
the temperature. It should then pass through the cooling unit before entering the next reactor of the reactor 
train, decreasing the reactor temperature. The resulting temperature profile would then have an 
approximate saw-tooth appearance. Overall the average temperature is approximately 581°F.  
Amount of Catalyst 
The volume of catalyst required was calculated via scaling up from the patent to determine the amount 
needed to convert 3,340 lb/hr of MPDA. With a MHSV of 0.6 lb/lb-hr, 5,600 lb of HZSM-5 catalyst were 
required for the entire reactor train. Assuming a catalyst density of 50 lb/ft
3
 and a void fraction of 0.5, the 
total volume of catalysts required would then be 224 ft
3
. The total price of the catalyst is $3,810. Please 
reference page 234 for Sample Calculations. 
Tube Dimensions and Number of Tubes 
When choosing the tube dimensions, the main considerations were to maximize heat transfer across the 
tubes. This consideration advocated for a small tube diameter. Another consideration made was to 
minimize the difference between internal and external diameters of the tube to allow for more efficient 
heat conduction across the tube material. As such the catalyst was modeled in a ring form with a thickness 
V. Process Design  Bains, Clark, Lowey, Soo  
 
 
30 
of 1 inch on each side. With a required catalyst volume of 224 ft
3
, this gave the overall tube length of 
10,270 ft. A nominal pipe size of 6 inches was chosen for the tube. To account for a more manageable 
reactor length, fifteen tubes will be used, giving the length of one tube to be 685 ft, with the catalyst 
support accounted for. Using 15 tubes, the volumetric flow rate through one tube then becomes 1,010 
ft
3
/hr, thereby giving a superficial velocity of 3.6 ft/s through one tube, a reasonable velocity for vapor 
through a tube to react. At these dimensions, the Reynolds number for flow through the tubes is small 
enough that the reactants can approximate plug-flow conditions. Since the overall catalyst requirement is 
224 ft
3
, the reactor length ratio for each of the four reactors should be, in increasing order, 68: 103: 171: 
342 ft. In addition, a recycled loop may be added to the overall system to increase the percent conversion 
of MPDA added into the system. In this manner, the reactor would be designed as a semi-regenerative 
reactor unit with four reactors and a large cooling unit integrated into the process to cool the reaction 
feeds since the overall reaction is exothermic (Askari, A., et al., 2012).   
Pressure Drop 
To estimate the pressure drop across the reactor, the Darcy–Weisbach equation was used. Operating at 
72.5 psi at the above dimensions, the pressure drop across the tubes was 0.87 psi. The pressure is 
relatively small since it is a homogeneous tubular reactor. The pressure remains relatively constant 
throughout the process; therefore, this reaction train can operate at the specified 72.5 psia without 
significant pressure drop.  
Heat Transfer Considerations 
With a heat duty of -452,100 Btu/hr, it was determined that 15,118 lb/hr of cooling water was required as 
a cooling utility. Based on the volumetric ratios of the reactors, the ratio of cooling water required for 
each cooling section after each reactor is 1,505: 2,269: 3,781: 7,563 lb/hr. The overall heat transfer 
coefficient is set at 60 Btu/lb-hr-°F as per consultants’ (Mr. Wismer and Mr. Kolesar) suggestion. 
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Reactor Train 2 (R-102) 
The second step in the process is the endothermic dehydrogenation of MPI to PIC, producing hydrogen as 
a byproduct. According to Lonza’s patent, the second reaction preferably takes place in a fixed-bed 
reactor filled with noble metals as catalysts, such as Pd or Pt, on a support at 428 – 752°F and pressures of 
0 – 145 psia. Again, based on the patent by Lonza (Heveling et al., 1998), the optimal conditions were 
found to occur at 554°F at atmospheric pressure with 0.44 lb/lb-hr MHSV over 1% Pd-SiO2/Al2O3 
catalysts. 
Reactor 2 is also designed using a reaction similar 
to one already present in commercial processing. 
In the Fischer-Tropsch process, which converts 
hydrogen and carbon monoxide to hydrocarbons, 
multi-tubular reactors are used to aid in the steam 
reforming piece of Fischer-Tropsch (Figure 
4)(Elshout, R., 2010). In steam reforming, feed is 
run through a series of packed bed reactor tubes, 
which are heated by a fuel source or in this case, a 
Dowtherm heated material. The reaction tubes are 
arranged such that the reactants are fed into the reactor at a much higher temperature than the exit so that 
the reaction can proceed throughout the entire tube length. For a typical process, approximately 2,000 
tubes or more can be placed into one furnace. Each tube has a typical diameter of between 2.8 and 5.1 
inches with a length of 39.4 ft. Residence times for these reactors would be 5 seconds per each tube. With 
this short residence time, pressure drop across the reactor is minimized and the reactor volume itself can 
also be decreased. (Bartholomew & Farrauto, 2005).  
 
Figure 4. Reformer Furnace Design. Source: “Hydrogen 
Production by Steam Reforming”, Ray Elshout, Chemical 
Engineering, May 2010 
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 Amount of Catalyst 
From S-111, approximately 3,310 lb/hr of material at 554°F at 40 psia is fed into Reactor 2 at 9,680 ft
3
/hr. 
Stream S-111 primarily consists of approximately 0.15 mass% of ammonia and 0.85 mass% of MPI. 
From the patent, the volume of catalyst required was calculated via scaling up to determine the amount 
needed to convert 2,822 lb/hr of MPI. With a MHSV of 0.44 lb/lb-hr, 6,410 lb of 1% Pd-SiO2/Al2O3 
catalysts were required for the entire reactor train. Assuming a weighted catalyst density of 211 lb/ft
3
 and 
a void fraction of 0.5, the total volume of catalysts required would then be 60 ft
3
. The total price of the 
catalyst is $ 783,300. Please reference page 236 for Sample Calculations.  
Reactor Sizing 
Based on the volume of catalyst required, the conventional Fischer-Tropsch reactor would need to be 
scaled down to the following specifications: 40 tubes with a tube length of 20 ft and a diameter of 4 
inches.  
Pressure Drop 
To estimate the pressure drop across the reactor, the Ergun equation for packed bed was used. The 
pressure drop across the 20-feet tubes was 4.5 psi. This pressure drop across the tubes is an industry 
practice upper bound. 
Heat Transfer Requirements 
With a heat duty of 2.602 MMBtu/hr, 10,408 lb/hr of Dowtherm A will be used as the heat transfer fluid 
used to supply the energy required to attain the operating temperature conditions. The overall heat transfer 
coefficient is set at 60 Btu/lb-hr-°F as per consultants’ (Mr. Wismer and Mr. Kolesar) suggestion. 
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Process Modeling 
To model the first block of the process, ASPEN V 7.3.1 was used. However, due to the complexity of the 
process, some simplifications and assumptions were made to use ASPEN to simulate the overall process. 
It is known that a separation column was used in Lonza’s process to separate and divert the unreacted 
MPDA to be recycled back to the first reactor (ICIS.com, 1999). It is assumed that this separation unit 
was a distillation column. In ASPEN, this distillation column was modeled using RADFRAC, which did 
a relatively good job of calculating the energy and tray requirements for the separation. Additionally, 
there were two absorbers added to the process to help separate hydrogen from the system after the second 
reactor; by removing this stream, the hydrogen can be fed to a Dowtherm system as fuel, whereas the 
remainder of the units in the process could also be decreased in size due to the absence of hydrogen. In 
ASPEN, these two absorbers were modeled using the ABSRB1 and ABSRB2 subroutine under the 
RADFRAC unit, respectively. The second absorbing column, A-102, was used with water as the 
absorbing agent because ammonia dissolves readily in this solvent, leaving hydrogen in the other stream 
to be used later as a fuel.  
Block (200): Reaction Train 2—PIC to Niacinamide 
Summary 
The second block was modeled in ASPEN V 7.3.1. Input into this block is a fraction of the ammonia and 
water mixture that was taken off of A-102. The stoichiometric ratio of ammonia was taken from the 
splitter to be heated and then added to the third reactor, R-201. The other stream heading to the reactor 
consists of 3-picoline and the unreacted methylpiperidine as well as trace amounts of other organics. This 
stream, S-119, is added to M-201 and mixed with the ammonia water mixture, heated, and fed to R-201. 
Stream S-204 is the feed stream of oxygen required to react with 3-picoline in the reactor. In R-201, 3-
picoline reacts with oxygen and converts to 3-cyanopyridine with a byproduct of water. In addition, this 
reactor models the side reactions that would occur in the presence of oxygen; these side reactions take the 
organic molecules present in the reactors and convert them to nitrogen, carbon dioxide, and water. The 
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stream then continues to a two-stage heat exchanger to cool to more moderate operating conditions 
needed for the biocatalyst reactors. After this stream is cooled, it enters a CSTR reactor that contains the 
biocatalyst necessary to react 3-cyanopyridine with water to make niacinamide. The vapor and liquid 
streams from this reactor are moved by blowers and compressors, respectively, to the next reactor. This 
occurs for three CSTRs in series; three CSTRs in series not only increase the conversion but also allows 
for a longer residence time in each of the reactors. 
After the final CSTR, stream S-226 is cooled down to help separate the vapor products present in the 
stream before the organic trace materials and the niacinamide continues to the third block in the process. 
S-228, the waste stream from the flash vessel, contains mostly oxygen, hydrogen, and water vapor. Some 
trace organics are present in this stream including CNP, PIC, and MPI. However, this stream will later be 
cleansed of these contaminants. Before being transferred to the third block, the stream containing mostly 
organics and water is heated and mixed in M-301 with the remainder of the ammonia and water mixture 
taken from the splitter in Block 100.  
Reactor Design 
Reactor Train 3 
The third step in the process is the exothermic ammoxidation for the production of 3-cyanopyridines (and 
water as a byproduct) using ammonia and oxygen with PIC. The preferred design is that the reaction takes 
place at temperatures of 536 – 752°F in a multi-tubular reactor over a catalyst consisting of oxides of 
vanadium, titanium, zirconium, and molybdenum at atmospheric pressure (Heveling et al., 1998). Two 
Lonza patents (Heveling et al., 1998 and Sembaev et al., 1997) determine that the optimal conditions are 
at 626°F and atmospheric pressure, with catalysts consisting of V2O5, TiO2, and ZrO2 in a 1:3:8 molar 
ratio and MoO3 as 1.15 w% based on V2O5. The molar composition of the feed into Reactor 3 is ideally 
PIC:O2:NH3 = 1:40:1.3.  
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Reactor 3 is designed as a multitubular reactor as used in the Fischer-Tropsch synthesis. In the same 
manner as Reactor 2, a steam reforming reactor design can be implemented to increase the yield of the 
reaction. However, instead of using the Dowtherm to heat the reaction, a cooling fluid would flow 
through the reactor to decrease the temperature as necessary throughout the reactor. This reactor 
comprises a single shell compartment with 2,000 tubes filled with catalysts in the form of rings. Each 
individual tube will have an internal diameter of 1.8 in and a length of 42 ft as scaled up from Modeling of 
Multi-Tubular Reactors for Fischer-Tropsch Synthesis (Jess & Kern, 2009). The overall reactor geometry 
is similar to that of conventional shell-and-tube type heat exchangers, but with no tube zone in the center 
of the reactor. The reacting gas enters at the bottom of the unit. The optimal conditions are at 626°F and 
atmospheric pressure, with catalysts consisting of V2O5, TiO2, ZrO2, and MoO3.  
Amount of Catalyst 
From S-203, approximately 4,314 lb/hr of material at 626°F at 30 psia is fed into Reactor 3 at 47,200 
ft
3
/hr. Stream S-203 primarily consists of approximately 0.11 mass% of ammonia, 0.28 mass% of water, 
and 0.61 mass% of PIC. From the patent, the volume of catalyst required was calculated via scaling up to 
determine the amount needed to convert 2,624 lb/hr of PIC. With a MHSV of 5.24 lb PIC/ft
3
 catalyst-hr, 
and assuming a void fraction of 0.5, 1,000 ft
3
 of V2O5, TiO2, ZrO2, and MoO3 catalysts were required for 
the entire reactor. For this volume, at the specified ratio, 90,500 lb of V2O5, 39,800 lb of TiO2, 61,300 lb 
of ZrO2, and 71,700 lb of MoO3 would be required for a total of 263,300 lb of catalyst. The catalysts 
should be mixed well and formed into circular rings with a wall thickness of 0.4 inches that would line 
the inner diameter of the tubes. The total price of the catalyst is $ 1,646,000. Please refer to page 237 for 
Sample Calculations.  
Reactor Sizing 
Based on the volume of catalyst required, the conventional Fischer-Tropsch reactor would need to be 
scaled down to the following specifications: 2,000 tubes with a tube length of 42 ft and diameter of 1.8 in.  
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Pressure Drop 
To estimate the pressure drop across the reactor, the Darcy–Weisbach equation was used. At the reactor 
dimensions, the pressure drop across the tubes was 0.87 psi. The pressure is relatively small since it is a 
homogeneous tubular reactor. Since the pressure remains relatively constant throughout the process; 
therefore, there should be no issues in significant pressure drop.  
Heat Transfer Requirements 
With a heat duty of -5.88 MMBtu/hr, it was determined that 196,694 lb/hr of cooling water was required 
as a cooling utility to attain and maintain the operating temperature conditions. The overall heat transfer 
coefficient is set at 60 Btu/lb-hr-°F as per consultants’ (Mr. Wismer and Mr. Kolesar) suggestion. 
Reactor Train 4 
The fourth step in the process is the enzymatic hydrolysis of 3-cyanopyridine to niacinamide in a 
continuous feed batch reactor cascade comprising of 2 – 5 connected stirred reactors, catalyzed by an 
enzyme produced by microorganisms of the species Rhodococcus rhodochrous J1, which is immobilized, 
over temperatures of 41 – 122°F at atmospheric pressure. According to the Lonza patent (Heveling et al., 
1998), the process is best carried out at ambient temperature and pressure using the species Rhodococcus 
rhodochrous J1 with the concentration of 3-cyanopyridine being 6.24 lb/ft
3
. Lonza Guangzhou Fine 
Chemicals (Guangzhou, China) uses a series of stirred-tank multi stage batch reactors with a continuous 
feed of 3-cyanopyridine at concentrations of between 10–20 wt% in the direction of process flow, and 
counter-current feed of biocatalyst immobilized in polyacrylamide particles. The enzymatic hydration 
produces the desired amide at >99.3% selectivity at 100% conversion. While usage of the biocatalyst does 
provide a high conversion rate, it has been noted that these selectivites and conversions are ideally high 
for large industrial processes. However, for this process design, these conversions were used to model the 
best case scenario. Lower conversions of MPDA to niacinamide are investigated in the Sensitivity 
Analysis section later in the report. 
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Reactor Train 4 is designed as adiabatic, stirred-tank reactors using immobilized whole cells of R. 
rhodochrous J1 employed in three stages. Sizing of the reactor was done via scaling up of the bench-scale 
data from the Lonza patent. It was determined that the three reactor tanks for Reactor 4 (R-202A, R-202B, 
and R-202C) will each have a carbon steel construction, an agitation rate of 110 rpm, a volume of 6,975 
ft3, and will be operating at room temperature and pressure. The residence time of the whole cascade will 
be 12 hours, with 4 hours for each vessel (Nagasawa et al., 1988). 
Mass of Biocatalyst 
The dry weight of whole cell biocatalyst R. rhodochrous J1 immobilized in polyacrylamide particles was 
calculated via scaling up of the bench-scale data from the patent. It was determined that each 6,975 ft
3
 
tank would house 1,740 lb (dry weight) of the whole cell biocatalyst R. rhodochrous J1 immobilized in 
polyacrylamide particles. This is equivalent to 878.7 lb of immobilized enzyme, nitrile hydratase, NHase. 
The cell density of each reactor would then be 0.25 lb/ft
3
. The total price of the catalyst is $153,910 for all 
three vessels. Refer to page 237 for Sample Calculations.  
Cascade Choice 
In terms of the cascade choice, Lonza investigated several process options including single-stage 
continuous fluidized bed, batch stirred tank, single-stage fed-batch stirred tank, single-stage continuous 
stirred tank, and multi-stage continuous stirred tank. Ultimately Lonza chose the multi-stage continuous 
stirred tank (Meyer & Ruesing, 2008). For this process, the reactor cascade will also be designed as such 
since Lonza has found that it optimizes the process. 
Reactor Selection 
Airlift reactors are unsuitable in this case because the airlift design could cause problems related to 
mixing and oxygen transfer especially when the polyacrylamide gels increase the weight and density of 
the biocatalysts. For this reason, the mechanically stirred tank design was used since it is usually preferred 
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for larger-scale operations, has the advantage of operating at a low substrate level, and is suitable for 
substrate-inhibition reactions. 
Agitator 
The agitation rate in the reactors will be limited at 110 rpm to not disturb cell growth profiles and prevent 
cell membrane damage as high agitation rates can shear the cells. Furthermore, research has shown that 
specific product formation for bioprocesses is generally higher at lower impeller speeds (Doble, 2006). 
Two pitched blade turbines as agitators would be required for each vessel, each operating at 35 hp.  
Process Modeling 
Another set of simplifications occurred when dealing with the reaction vessels. Since specifications were 
not given on any of the first three reactors, they were modeled using the RSTOIC block in ASPEN. These 
reactors had the respective reactions added into them, assuming a certain conversion of the reaction. For 
the side reactions that may occur in the process, the third reactor, R-201, had a fraction of the 3-
methylpyridine that is produced in that reactor essentially combust and form nitrogen, carbon dioxide, and 
water. This effectively accounts for the product lost in the process as well as the energy associated with 
these side products in the third reactor. 
For the fourth reactor, R-202 (A,B, and C), RSTOIC was used to model the reaction that occurs within 
the three CSTR’s in series. Due to constraints associated with ASPEN, it is difficult to correctly illustrate 
the actual design of this fourth reactor. For each of these reactors in the series, the vapor/liquid mixture 
from the previous step in the process is fed from the bottom through the CSTR to create a bubbling effect 
that ideally transfers the stream through the biocatalyst in the reactor. The same issue in modeling 
occurred at the outlet. No reactor in ASPEN can model a vapor and liquid stream exiting from the reactor. 
Therefore, a separation vessel was used as a dummy unit to model the reactor streams separating into two 
streams, a liquid and a vapor, when they exit each CSTR in the series. To keep these reaction vessels as 
close to 1 atm and 77°F, a pump moves the liquid fraction from the reactor while a blower is added to 
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move the vapor stream. Heat exchangers were placed after the pump and blower before entering into the 
next reaction vessel. 
Block (300): Niacinaide Purification 
Summary 
The third block in the process models the purification of niacin. After M-301 mixes the ammonia and 
water stream from A-102 earlier with the recycled stream of ammonia and water, the remainder of the 
organic molecules from the previous block mixes in as well. From the mixer, the stream goes to a heat 
exchanger where the temperature of the stream is brought down to close to room temperature. The stream 
enters the decolorizing unit, where the red dye leftover from the biocatalyst in the fourth reactor is 
removed with activated carbon. This stream then travels to the neutralizer where a mixture of ammonia 
and ammonium chloride create a buffer solution that effectively neutralizes the niacinamide formed in 
previous stages. Following this step, the stream is increased in pressure with a pump and then heated up 
to mix with the nitrogen streams coming in. Stream S-305 is heated nitrogen coming in to act as a drying 
agent in the dryer. This nitrogen stream is heated before continuing to the bottom of the dryer, effectively 
removing all the water and ammonia in the stream. The organic products, including the desired product 
niacinamide, fall out of the dryer as a solid product while the water, ammonia, and hot nitrogen leave the 
spray out of the top. This hot stream of ammonia, water, and nitrogen is compressed and then cooled to be 
separated in a flash vessel. From here, a portion of the nitrogen stream from the top of the flash vessel is 
purged while the remainder is fed back into the stream entering the dryer to help with the removal of 
water and ammonia in the streams. The water and ammonia mixture is also recycled back, whereas a 
portion of the stream is purged. The remaining mixture, S-318, is added into M-301 to be used again for 
the separation processes.  
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Specialized Equipment 
Decolorizing Unit 
R. rhodochrous J1 has a red pigment (DiCosimo, R., 2006). The decolorizing unit is required to remove 
the red pigment leftover from the biocatalyst in the fourth reactor. As such, the patent entitled Method for 
purifying amide compounds by reacting with activated carbon under acidic conditions is referred to when 
designing the column filled with activated carbon (Abe, T., et al., 2001). The unit is essentially an 
adsorption column, modeled as a vertical pressure vessel, and is filled with activated carbon. Correlations 
from Product and Process Design Principles were used to size and cost the entire unit—column and 
activated carbon. Knowing the volumetric flow rate to be 7.74 ft
3
/min and assuming a 10 minute 
residence time in the column, the volume of material in the vessel is calculated to be 77 ft
3
. Adjusting the 
volume for potential dissolved vapor, sufficient volume occupied by the catalyst, and increases in 
production capacity, the vessel volume is now 199 ft
3
, and is thus sized as 4 ft in diameter and 16 ft in 
length. Void fraction of activated carbon is approximately 0.6. With this, the volume of activated carbon 
required is calculated and cost as shown in Sample Calculations page 239. 
Dryer 
Several different types of dryers were considered that would ultimately produce a final product that is of 
free-flowing powder, a form crucial for niacinamide packaging. The first type of dryer considered was a 
fluidized spray dryer. The continuous turbo-tray dryer (commercial Wyssmont TURBO-DRYER® 
system) was another such recommendation given by Mr. Fabiano. The Wyssmont TURBO-DRYER® can 
handle a range of materials including thick slurries continuously and is capable of providing a free-
flowing product. Standard construction of the dryer can handle operating temperatures of up to 650°F, 
well above of our operating ranges. Furthermore, an advantage of the Wyssmont TURBO-DRYER® over 
fluidized spray drying equipment is that it can operate in a closed-circuit system. Size and costing was 
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scaled-up using information obtained from examples of performance data given in Perry’s and is 
presented in Table B1 below (Perry & Green, 2008).  
 
Table B1. Wyssmont TURBO-DRYER® performance data 
Material Dried Niacinamide 
Dried Product (lb/hr) 3372 
Evaporation Rate (lb/hr) 650 
Type of heating system Steam 
Heating medium Hot gas 
Drying medium Inert gas 
Materials of Construction Stainless-steel interior 
Dryer height (ft) 23 
Dryer diameter (ft) 20 
Recovery system Shell-and-tube condenser 
Condenser cooling medium Chilled water 
Location  Indoor 
Purchase Cost  $ 804,369  
Dryer assembly Packaged unit 
 
Process Modeling 
A decolorizer filled with activated carbon is needed for the third block of the process. However, ASPEN 
is unable to model a color change in the flowsheet, prompting the addition of a splitter with one of the 
streams equal to 0 fraction split. By doing this, the vessel could be sized and cost calculated given the 
ASPEN simulation results for the conditions into and out of the decolorizer. Directly after this vessel is a 
neutralizer, N-301. This RSTOIC models the reaction that takes the niacinamide that was produced earlier 
in the process and converts it, with water and ammonia, into the salt form of the niacin, ammonium 
nicotinate. A buffer solution consisting of NH4Cl and NH3 must be created in the vessel to properly 
neutralize the product. Because the only way to accurately calculate the components in the buffer solution, 
lab-scale analysis must be done while the process is running. Since the chloride present in the neutralizer 
would have little impact on the remainder of the process, it was left out of the ASPEN simulation. 
However, the neutralizer was modeled as an RSTOIC block to verify that the stoichiometric ratios of the 
Figure 5. Wyssmont Turbo-Dryer; 
Source: Wyssmont Advertisement. 
Chemical Engineering, Access 
Intelligence. May 2010  
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reaction are already satisfied with the water and ammonia already created in the overall process. This 
made sure that the process would, under the right pH conditions, form the salt ammonium nicotinate, 
effectively neutralizing the solution. 
Finally, the dryer was modeled in ASPEN as a SEP block unit. Since the dryer block in ASPEN was 
unable to work with this particular process design, a series of trial and error simulations were done to find 
the best unit within ASPEN to model the dryer. After the dryer specific model in ASPEN did not 
converge, a hierarchy block was added to convert the organic compounds previously defined as 
conventional components to solids. Then, when the dryer still did not converge, the same was done with a 
flash vessel. However, the separation in the flash vessel did not correctly model the dryer since most of 
these components turned into liquids rather than solids when the necessary temperatures were reached, 
around 387°F, whereas these components would be solids and fall out of the evaporated water and 
ammonia in actuality. For rough estimates of purity and solid niacin chemical composition, a SEP unit 
was finally decided to most accurately model the conditions and separation fractions of a dryer. All 
organics in the stream leave as stream S-316 while the water, ammonia, and nitrogen are evaporated to 
leave from the top of the vessel. The hot nitrogen mixture that enters through the bottom of the dryer 
evaporates water and ammonia leaving behind the remainder of the organics; this SEP unit, as compared 
to the rest of the models used in ASPEN, most closely resembles the lab-scale composition attained in 
patent references.  
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C. EQUIPMENT LIST AND UNIT DESCRIPTIONS 
Block (100) 
Table C1.  A list of equipment used in the process for Block (100). 
Unit # 
Equipment 
Type 
Function 
Operating 
T (°F) 
Operating 
P (psia) 
A-101 Absorber 
Separates mainly H2 and NH3 from vapor 
stream (S-112) into S-113 
C = 6 
R = 366 
40 
A-102 Absorber 
Separates mainly H2 from S-114 to S-
115 via extraction with water in S-117 
C = -118 
R = 225 
170 
C-101 Compressor 
Increases pressure of S-104 before 
running through R-101 
560 
ΔP=39 
Discharge  
P = 73 
C-102 Compressor 
Increase pressure of distillate (S-107) of 
D-101 before feeding it to R-102 
393 
ΔP=58 
Discharge  
P = 73 
C-103 Compressor 
Increase pressure of S-113 before running 
through A-102 
314 
ΔP=130 
Discharge  
P = 170 
D-101 
Distillation 
Column 
Separate MPDA from S-106 to be 
recycled 
D = 266 
B = 379 
15 
HX-101 Heat Exchanger 
Increases temperature of S-103 for feed 
into R-101 
527 34 
HX-102 Heat Exchanger 
Increases temperature of S-110 for feed 
into R-102 
554 63 
M-101 Mixer 
Mixes streams S-102 and S-109 for feed 
into HX-101 
81 44 
P-101 Pump 
Pumps S-101 to then run through HX-
101 for MPDA vaporization 
77 
ΔP=29 
Discharge  
P = 44 
P-102 Pump 
Pumps bottoms of D-101 (S-108) for 
MPDA recycle 
380 
ΔP=29 
Discharge  
P = 44 
P-103 Pump 
Increases pressure of S-116 before 
running through A-102 
91 
ΔP=155 
Discharge  
P = 170 
R-101 Tubular Reactor Converts MPDA to 3-methylpiperidine 581 72 
R-102 
Packed Bed 
Reactor 
Converts 3-methylpiperidine to 3-
picoline 
554 42 
T-101 Storage Tank 
Stores the liquid MPDA as feed to the 
process 
77 15 
WS-102 Wet Scrubber 
Removes NOX and residual NH3 out of 
the burning of S-115 so it can be vented 
to the atmosphere 
210 48 
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Absorber (A-101) 
A-101 is a 20-stage column for separating mainly the hydrogen and ammonia from vapor stream S-112 
into S-113. The inlet stream enters at Stage 17. Temperature varies in the column from 266°F in the 
condenser (top stage) to 402°F in the reboiler (bottom stage).  
The condenser is a partial-vapor fixed tube sheet heat exchanger that decreases the temperature of the 
overhead before sending it through a compressor (C-103). The hot stream on the shell side is cooled from 
274°F (Stage 2) to 6°F (Stage 1/S-113). 6,411,900 lb/hr of refrigerant, R-134a, enters the tube side to cool 
the streams. The tube and shell side heat transfer coefficients are 250 and 2,632 Btu/hr-ft
2
-°F respectively, 
leading to a total heat transfer area of 226 ft
2
. The total heat duty is -2.8 MMBtu/hr. There are 44 tubes of 
20 ft. with an outer diameter of 1 in. The shell is 20 ft. in length and has a diameter of 10 in. with 16 
baffles. With a carbon steel construction, the total bare-module cost of the condenser is $65,870. 
The reboiler is a U-tube kettle vaporizer that uses high-pressure steam to vaporize a portion of the liquid 
bottoms product of the column. The distillate on the tube side is heated from 366°F (Stage 20) to 444°F. 
1,401 lb/hr of steam at 450 psia enters the shell side to heat the cold streams. The tube and shell side heat 
transfer coefficients are 1,000 and 200 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 
202 ft
2
. The total heat duty is 1.7 MMBtu/hr. There are 39 tubes of 20 ft. with an outer diameter of 1 in. 
The shell is 13 ft. in length and has a diameter of 21 in. with 9 baffles. With a carbon steel construction, 
the total bare-module cost of the unit is $55,480. 
With a carbon steel construction, the total bare-module cost of the entire unit is $3,291,000. All 
calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using 
ASPEN Process Economic Analyzer (IPE). Please refer to the Absorber (A-101) specification sheet on 
page 66 and in Appendix IX on page 241.  
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Absorber (A-102) 
A-102 is a 10-stage column for separating mainly hydrogen from S-114 to S-115 via extraction with 
water in S-117. The inlet stream S-114 enters at Stage 8 while the inlet stream S-117 enters at Stage 2. 
Temperature varies in the column from -118°F in the condenser (top stage) to 225°F in the reboiler 
(bottom stage). The column manages to remove all of the hydrogen and recovers >99% by mass of the 
ammonia in the inlet stream. 
The condenser is a partial-vapor fixed tube sheet heat exchanger that decreases the temperature of the 
overhead before sending it through a compressor (C-103). It has a reflux ratio of 1. The hot stream on the 
shell side is cooled from 90°F (Stage 2) to -118°F (Stage 1/S-115). 2,799,830 lb/hr of refrigerant, 
ethylene, enters the tube side to cool the streams. The tube and shell side heat transfer coefficients are 250 
and 1,019 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 177 ft
2
. The total heat duty is -
1.2 MMBtu/hr. There are 34 tubes of 20 ft. with an outer diameter of 1 in. The shell is 20 ft. in length and 
has a diameter of 10 in. with 16 baffles. With a carbon steel construction, the total bare-module cost of the 
condenser is $73,300. 
The reboiler is a U-tube kettle vaporizer that uses high-pressure steam to vaporize a portion of the liquid 
bottoms product of the column. The distillate on the tube side is heated from 146°F (Stage 9) to 225°F 
(Stage 10). 682 lb/hr of steam at 450 psia enters the shell side to heat the streams. The tube and shell side 
heat transfer coefficients are 1,000 and 526 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area 
of 202 ft
2
. The total heat duty is 0.8 MMBtu/hr. There are 6 tubes of 20 ft. with an outer diameter of 1 in. 
The shell is 13 ft. in length and has a diameter of 9 in. with 9 baffles. With a carbon steel construction, the 
total bare-module cost of the unit is $42,560. 
With a carbon steel construction, the total bare-module cost of the entire unit is $2,284,000. All 
calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using 
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ASPEN Process Economic Analyzer (IPE). Please refer to the Absorber (A-102) specification sheet on 
page 67 and  in Appendix IX on page 241. 
Compressor (C-101) 
C-101 is a rotary twin-screw compressor used to increase the pressure of the vapor stream S-104 by 39 psi, 
from 33.5 psia to 72.5 psia in S-105 before it is sent to the first reactor (R-101). The inlet volumetric flow 
rate is 144 ft
3
/min. The power consumption of the unit is 25.3 HP. The compressor is powered using an 
electric motor drive that consumes 17 kW. With a cast-iron construction, the total bare-module cost of the 
unit is $86,720. Please refer to the Compressor (C-101) specification sheet on page 73 and the Sample 
Calculations in Appendix IX on page 248. 
Compressor (C-102) 
C-102 is a rotary twin-screw compressor used to increase the pressure of the vapor stream S-107 by 57.8 
psi, from 14.7 psia to 72.5 psia in S-110 before it is sent to the heat exchanger (HX-102) to be heated. The 
inlet volumetric flow rate is 495 ft
3
/min. The power consumption of the unit is 81.6 HP. The compressor 
is powered using an electric motor drive that consumes 55 kW. With a cast-iron construction, the total 
bare-module cost of the unit is $202,400. Please refer to the Compressor (C-102) specification sheet on 
page 74 and the Sample Calculations in Appendix IX on page 248. 
Compressor (C-103) 
C-103 is a rotary twin-screw compressor used to increase the pressure of the vapor stream S-113 by 130 
psi, from 40 psia to 170 psia in S-114 before it is sent to absorber (A-102). The inlet volumetric flow rate 
is 235 ft
3
/min. The power consumption of the unit is 111.5 HP. The compressor is powered using an 
electric motor drive that consumes 75 kW. With a cast-iron construction, the total bare-module cost of the 
unit is $253,750. Please refer to the Compressor (C-103) specification sheet on page 75 and the Sample 
Calculations in Appendix IX on page 248. 
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Distillation Column (D-101) 
D-101 is a 40-stage column for separating out the leftover MPDA from S-106 to be recycled back through 
S-108. The inlet stream enters at Stage 33. Temperature varies in the column from 266°F in the condenser 
(top stage) to 402°F in the reboiler (bottom stage). The column recovers >99.9% by mass of the MPDA in 
the inlet stream. The number of stages required for the distillation column was obtained through ASPEN 
simulations. A purity for MPDA removal was specified and operating conditions for the column were 
optimized within ASPEN.  
The condenser is a partial-vapor fixed tube sheet heat exchanger that decreases the temperature of the 
overhead before sending it through a compressor (C-102). The hot stream on the shell side is cooled from 
306°F (Stage 2) to 266°F (Stage 1/S-107). 231,890 lb/hr of cooling water enters the tube side to cool the 
streams. The total heat duty is -6.9 MMBtu/hr. There are 52 tubes of 20 ft. with an outer diameter of 1 in. 
The shell is 20 ft. in length and has a diameter of 12 in. with 16 baffles. With a carbon steel construction, 
the total bare-module cost of the condenser is $59,060. 
The reboiler is a U-tube kettle vaporizer that uses high-pressure steam to vaporize a portion of the liquid 
bottoms product of the distillation column. The distillate on the tube side is heated from 318°F (Stage 40) 
to 402°F (S-108). 5,368 lb/hr of steam at 450 psia enters the shell side to heat the streams. The tube and 
shell side heat transfer coefficients are 1,000 and 200 Btu/hr-ft
2
-°F respectively, leading to a total heat 
transfer area of 143 ft
2
. The total heat duty is 6.4 MMBtu/hr. There are 176 tubes of 20 ft. with an outer 
diameter of 1 in. The shell is 13 ft. in length and has a diameter of 39 in. with 9 baffles. With a carbon 
steel construction, the total bare-module cost of the unit is $85,980. 
With a carbon steel construction, the total bare-module cost of the entire unit is $4,023,800. All 
calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using 
ASPEN Process Economic Analyzer (IPE). Please refer to the Distillation Column (D-101) specification 
sheet on page 77 in Appendix IX on page 241.  
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Heat Exchanger (HX-101) 
HX-101 is a floating head shell-and-tube heat exchanger that models an evaporator that increases the 
temperature of the stream entering the first reactor R-101. S-103 on the tube side is heated from 81°F (S-
103) to 527°F (S-104). 5,872 lb/hr of Dowtherm A enters the shell side to heat the streams. The tube and 
shell side heat transfer coefficients are 200 and 175 Btu/hr-ft
2
-°F respectively, leading to a total heat 
transfer area of 143 ft
2
. The total heat duty is 1.5 MMBtu/hr. There are 27 tubes of 20 ft. with an outer 
diameter of 1 in. The shell is 22 ft. in length and has a diameter of 10 in. with 18 baffles. With a carbon 
steel construction, the total bare-module cost of the unit is $243,000. All calculations were performed 
using ASPEN Plus Exchanger Design and Rating (EDR) and cost using ASPEN Process Economic 
Analyzer (IPE). Please refer to the Heat Exchanger (HX-101) specification sheet on page 83 in Appendix 
IX on page 250.  
Heat Exchanger (HX-102) 
HX-102 is a floating head shell-and-tube heat exchanger that increases the temperature of the stream 
entering the second reactor R-102. S-110 on the tube side is heated from 393°F (S-110) to 554°F (S-111). 
1,172 lb/hr of Dowtherm A enters the shell side to heat the streams. The tube and shell side heat transfer 
coefficients are 100 and 175 Btu/hr-ft2-°F respectively, leading to a total heat transfer area of 104 ft2. The 
total heat duty is 0.3 MMBtu/hr. There are 20 tubes of 20 ft. with an outer diameter of 1 in. The shell is 
22 ft. in length and has a diameter of 8 in. with 18 baffles. With a carbon steel construction, the total bare-
module cost of the unit is $236,800. All calculations were performed using ASPEN Plus Exchanger 
Design and Rating (EDR) and cost using ASPEN Process Economic Analyzer (IPE). Please refer to the 
Heat Exchanger (HX-102) specification sheet on page 84 in Appendix IX on page 250.  
Pump (P-101) 
P-101 is a centrifugal pump used to pump the liquid MPDA from storage tank T-101 through stream S-
101 to S-102 to the mixer (M-101) and heat exchanger (HX-101) to be vaporized. For a pressure change 
of 29 psi, the head developed is 68 ft, and the net work required is 0.38 HP. With a carbon steel 
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construction, the total bare-module cost of the unit is $100,806. Please refer to the Centrifugal Pump (P-
101) specification sheet on page 98 and the Sample Calculations in Appendix IX on page 252. 
Pump (P-102) 
P-102 is a centrifugal pump used to pump the bottoms from distillation column D-101 through stream S-
108 to S-109 to the mixer (M-101) to be recycled. For a pressure change of 23 psi, the head developed is 
67 ft, and the net work required is 0.0038 HP. With a carbon steel construction, the total bare-module cost 
of the unit is $100,426. Please refer to the Centrifugal Pump (P-102) specification sheet on page 99 and 
the Sample Calculations in Appendix IX on page 252. 
Pump (P-103) 
P-103 is a centrifugal pump used to pump water through S-116 to the absorber (A-102) to absorb the 
ammonia incoming from S-114. For a pressure change of 155 psi, the head developed is 362 ft, and the 
net work required is 0.74 HP. With a carbon steel construction, the total bare-module cost of the unit is 
$138,090. Please refer to the Centrifugal Pump (P-103) specification sheet on page 100 and the Sample 
Calculations in Appendix IX on page 252. 
Reactor 1 – Tubular Reactor (R-101) 
In Reactor 1, the cyclization/deamination of MPDA to produce MPI with ammonia as a byproduct takes 
place at an overall conversion of 99 %. R-101 is comprised of four multitubular vessels with 15 tubes 685 
ft in total length and nominal diameters of 6 inches, operating at 581°F and a pressure of 72.5 psia with a 
mass hourly space velocity (MHSV) of 0.6 lb/lb-hr over HZSM-5 catalysts. With a stainless steel shell-
and-tube heat exchanger construction, the total heat transfer surface area is 17,800 ft
2
. The total bare-
module cost of the unit is $2,567,280. Please refer to the Reactor 1 (R-101) specification sheet on page 
106. 
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Reactor 2 – Packed Bed Reactor (R-102) 
In Reactor 2, the MPI produced in R-101 is converted to PIC at an overall conversion of 99% in an 
endothermic dehydrogenation reaction. Aforementioned this conversion is idealized; this conversion was 
only used because it is based on the experimental data given from the bench scale experiments for the 
process. R-102 is comprised of 40 tubes 20 ft in total length and nominal diameters of 4 inches, operating 
at 554°F and a pressure of 42 psia over 1% Pd-SiO2/Al2O3 catalysts. With a stainless steel shell-and-tube 
heat exchanger construction, the total heat transfer surface area is 838 ft2. The total bare-module cost of 
the unit is $97,360. Please refer to the Reactor 2 (R-102) specification sheet on page 107.  
Feed Storage Tank (T-101) 
T-101 is a floating roof storage tank that stores the liquid MPDA feed at ambient temperature and 
pressure. The tank has a storage capacity of 113,000 gallons of MPDA with a residence time of 7 days. 
MPDA is fed continuously from the tank to the system via S-101. The choice of the floating-roof tank is 
in compliance with current EPA regulations that dictate its usage for when, at the maximum atmospheric 
temperature at the plant site, the vapor pressure of the liquid is greater than 0.75 psia for storage of more 
than 40,000 gal. In our case, the vapor pressure is 2.5 psi at 275°F for 77,000 gallons. Using a cast-iron 
construction, the total bare-module cost of the unit is $629,610. Please refer to the Feed Storage Tank 
specification sheet on page 110 and the Sample Calculations in Appendix IX on page 254. 
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Block (200) 
Table C2.  A list of equipment used in the process for the 200 block. 
Unit # Equipment Type Function Operating 
T (°F) 
Operating 
P (psi) 
B-201 Blower 
Increases pressure of S-208 before 
running through R-202B 
251 
ΔP=17 
Discharge  
P = 32 
B-202 Blower 
Increases pressure of S-215 before 
running through R-202C 
230 
ΔP=15 
Discharge  
P = 30 
B-203 Blower 
Increases pressure of S-220 before 
running through F-201 
276 
ΔP=22 
Discharge  
P = 38 
F-201 Flash Vessel 
Initial separation of organic 
compounds from vapor products in S-
227 
32 15 
HX-201 Heat Exchanger 
Increases temperature of streams fed 
into R-201 
626 30 
HX-202A Heat Exchanger 
Decreases temperature of S-205 for 
feed into R-202A 
100 19 
HX-202B Heat Exchanger 
Decreases temperature of S-205 for 
feed into R-202A 
77 19 
HX-203 Heat Exchanger 
Decreases temperature of S-212 
before running through R-202B 
77 20 
HX-204 Heat Exchanger 
Decreases temperature of S-219 
before running through R-202C 
77 20 
HX-205 Heat Exchanger 
Decreases temperature of S-226 
before running through F-201 
32 28 
HX-206 Heat Exchanger 
Increases temperature of S-230 before 
being fed into M-301 
90 35 
M-201 Mixer 
Mixes streams S-119 and S-202 for 
subsequent feed into HX-201 
79 30 
M-202 Mixer 
Mixes streams S-209 and S-211 for 
subsequent feed into HX-203 
79 30 
M-203 Mixer 
Mixes streams S-216 and S-218 for 
subsequent feed into HX-204 
79 38 
M-204 Mixer 
Mixes streams S-223 and S-225 for 
subsequent feed into HX-205 
 79 38  
P-201 Pump 
Increases pressure of S-210 before 
running through R-202B 
77 
ΔP=15 
Discharge  
P = 30 
P-202 Pump 
Increases pressure of S-217 before 
running through R-202C 
77 
ΔP=15 
Discharge  
P = 30 
P-203 Pump 
Increases pressure of S-224 before 
running through F-201 
77 
ΔP=30 
Discharge  
P = 46 
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Unit # Equipment Type Function Operating 
T (°F) 
Operating 
P (psi) 
P-204 Pump 
Increases pressure of S-229 before 
running through HX-206 
32 
ΔP=30 
Discharge  
P = 45 
R-201 Tubular Reactor 
Converts 3-picoline to 3-
cyanopyridine and water 
626 29 
R-202A 
Semi-continuous 
stirred tank reactor 
Converts 3-cyanopyridine to 
niacinamide (niacin) 
77 15 
R-202B 
Semi-continuous 
stirred tank reactor 
Converts 3-cyanopyridine to 
niacinamide (niacin) 
77 15 
R-202C 
Semi-continuous 
stirred tank reactor 
Converts 3-cyanopyridine to 
niacinamide (niacin) 
77 16 
SP-201 Splitter 
Models the control valves used to 
split the flow of S-118 
225 170 
 
Blower (B-201) 
B-201 is a centrifugal blower used to increase the pressure of the vapor stream S-208 by 17.3 psi, from 
14.6 psia to 31.9 psia in S-209 before it is sent to the heat exchanger HX-203 to be slightly cooled. The 
power consumption of the unit is 2.8 HP. With a cast-iron construction, the total bare-module cost of the 
unit is $5,490. Please refer to the Blower (B-201) specification sheet on page 70 and the Sample 
Calculations in Appendix IX on page 247. 
Blower (B-202) 
B-202 is a centrifugal blower used to increase the pressure of the vapor stream S-215 by 15 psi, from 15.1 
psia to 30.1 psia in S-216 before it is sent to the heat exchanger HX-204 to be slightly cooled. The power 
consumption of the unit is 2.5 HP. With a cast-iron construction, the total bare-module cost of the unit is 
$4,950. Please refer to the Blower (B-202) specification sheet on page 71 and the Sample Calculations in 
Appendix IX on page 247. 
Blower (B-203) 
B-203 is a centrifugal blower used to increase the pressure of the vapor stream S-222 by 22 psi, from 15.6 
psia to 37.6 psia in S-223 before it is sent to the heat exchanger HX-205 to be slightly cooled. The power 
consumption of the unit is 3.2 HP. With a cast-iron construction, the total bare-module cost of the unit is 
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$6,080. Please refer to the Blower (B-203) specification sheet on page 72 and the Sample Calculations in 
Appendix IX on page 247. 
Flash Vessel (F-201) 
F-201 is a vertical flash vessel for the separation of organic compounds from vapor products (mainly O2) 
in S-227. The unit operates at 32°F and 15 psia with a residence time of 5 minutes. The height and 
diameter of the vessel is 12 and 3 ft respectively. With a steel (ASTM A516) construction, the total bare-
module cost of the unit is $535,640. Please refer to the Flash Vessel (F-201) specification sheet on page 
81 and the Sample Calculations in Appendix IX on page 249. 
Heat Exchanger (HX-201) 
HX-201 is a floating head shell-and-tube heat exchanger that increases the temperature of the stream 
entering the third reactor R-201. S-203 on the tube side is heated from 159°F (S-203A) to 626°F (S-203). 
10,400 lb/hr of Dowtherm A enters the shell side to heat the streams. The tube and shell side heat transfer 
coefficients are 200 and 143 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 209 ft
2
. The 
total heat duty is 2.6 MMBtu/hr. There are 40 tubes of 20 ft. with an outer diameter of 1 in. The shell is 
22 ft. in length and has a diameter of 10 in. with 18 baffles. With a carbon steel construction, the total 
bare-module cost of the unit is $424,600. All calculations were performed using ASPEN Plus Exchanger 
Design and Rating (EDR) and cost using ASPEN Process Economic Analyzer (IPE). Please refer to the 
Heat Exchanger (HX-201) specification sheet on page 85 in Appendix IX on page 250.  
Heat Exchanger (HX-202A) 
HX-202A is a floating head shell-and-tube heat exchanger that models a partial condenser that decreases 
the temperature of the stream entering the first vessel of reaction train 4 (R-202A). The hot stream on the 
shell side is cooled from 626°F (S-205) to 100°F (S-206A). 146,390 lb/hr of cooling water enters the tube 
side to cool the streams. The tube and shell side heat transfer coefficients are 1,050 and 1,020 Btu/hr-ft
2
-
°F respectively, leading to a total heat transfer area of 146 ft
2
. The total heat duty is -4.4 MMBtu/hr. 
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There are 28 tubes of 20 ft. with an outer diameter of 1 in. The shell is 22 ft. in length and has a diameter 
of 10 in. with 18 baffles. With a carbon steel construction, the total bare-module cost of the unit is 
$330,700. All calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) and 
cost using ASPEN Process Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-202A) 
specification sheet on page 86 in Appendix IX on page 250.  
Heat Exchanger (HX-202B) 
HX-202B is a floating head shell-and-tube heat exchanger that again models a partial condenser that 
further decreases the temperature of the stream entering the first vessel of reaction train 4 (R-202A). The 
hot stream on the shell side is cooled from 100°F (S-206A) to 77°F (S-206). 2,170,000 lb/hr of refrigerant 
enters the tube side to cool the streams. The tube and shell side heat transfer coefficients are 1,050 and 
470 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 224 ft
2
. The total heat duty is -
95,180 Btu/hr. There are 43 tubes of 20 ft. with an outer diameter of 1 in. The shell is 22 ft. in length and 
has a diameter of 12 in. with 18 baffles. With a carbon steel construction, the total bare-module cost of the 
unit is $244,500. All calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) 
and cost using ASPEN Process Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-202B) 
specification sheet on page 87 in Appendix IX on page 250.  
Heat Exchanger (HX-203) 
HX-203 is a floating head shell-and-tube heat exchanger that models a partial condenser which decreases 
the temperature of the stream entering the second vessel of reactor train 4 (R-202B). The hot stream on 
the shell side is cooled from 79°F (S-212) to 77°F (S-213). 16,580 lb/hr of refrigerant enters the tube side 
to cool the streams. The tube and shell side heat transfer coefficients are 250 and 303 Btu/hr-ft
2
-°F 
respectively, leading to a total heat transfer area of 5 ft
2
. The total heat duty is -7,220 Btu/hr. There is one 
20 ft. tube with an outer diameter of 1 in. The shell is 22 ft. in length and has a diameter of 3 in. with 18 
baffles. With a carbon steel construction, the total bare-module cost of the unit is $182,700. All 
calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using 
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ASPEN Process Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-203) specification 
sheet on page 88 in Appendix IX on page 250.  
Heat Exchanger (HX-204) 
HX-204 is a floating head shell-and-tube heat exchanger that decreases the temperature of the stream, 
acting as a partial condenser, entering the third vessel of reactor train 4 (R-202C). The hot stream on the 
shell side is cooled from 79°F (S-219) to 77°F (S-220). 14,830 lb/hr of refrigerant enters the tube side to 
cool the streams. The tube and shell side heat transfer coefficients are 250 and 303 Btu/hr-ft
2
-°F 
respectively, leading to a total heat transfer area of 5 ft
2
. The total heat duty is -6,460 Btu/hr. There is one 
20 ft. tube with an outer diameter of 1 in. The shell is 22 ft. in length and has a diameter of 3 in. with 18 
baffles. With a carbon steel construction, the total bare-module cost of the unit is $182,700. All 
calculations were performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using 
ASPEN Process Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-204) specification 
sheet on page 89 in Appendix IX on page 250.  
Heat Exchanger (HX-205) 
HX-205 is a floating head shell-and-tube heat exchanger that models a partial condenser that decreases 
the temperature of the stream entering the vapor liquid separator (F-201). The hot stream on the shell side 
is cooled from 79°F (S-226) to 32°F (S-227). 422,000 lb/hr of refrigerant enters the tube side to cool the 
streams. The tube and shell side heat transfer coefficients are 250 and 470 Btu/hr-ft2-°F respectively, 
leading to a total heat transfer area of 28 ft2. The total heat duty is -185,800 Btu/hr. There are five 20 ft. 
tubes with outer diameters of 1 in. The shell is 22 ft. in length and has a diameter of 6 in. with 18 baffles. 
With a carbon steel construction, the total bare-module cost of the unit is $230,200. All calculations were 
performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using ASPEN Process 
Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-205) specification sheet on page 90 in 
Appendix IX on page 250.  
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Heat Exchanger (HX-206) 
HX-206 is a floating head shell-and-tube heat exchanger that increases the temperature of the bottoms 
leaving the vapor liquid separator (F-201). S-230 on the tube side is heated from 32°F (S-230) to 90°F (S-
231). 185 lb/hr of hot water at 100°F enters the shell side to heat the streams. The tube and shell side heat 
transfer coefficients are 1,000 and 303 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 6 
ft
2
. The total heat duty is 223,490 Btu/hr. There is one 20 ft. tube with an outer diameter of 1 in. The shell 
is 22 ft. in length and has a diameter of 3 in. with 18 baffles. With a carbon steel construction, the total 
bare-module cost of the unit is $169,200. All calculations were performed using ASPEN Plus Exchanger 
Design and Rating (EDR) and cost using ASPEN Process Economic Analyzer (IPE). Please refer to the 
Heat Exchanger (HX-206) specification sheet on page 91 in Appendix IX on page 250.  
Pump (P-201) 
P-201 is a centrifugal pump used to pump liquid stream S-210 to be mixed, cooled, and sent to the second 
reactor in the cascade of reaction train 4. For a pressure change of 15 psi, the head developed is 29 ft, and 
the net work required is 0.28 hp. With a carbon steel construction, the total bare-module cost of the unit is 
$113,740. Please refer to the Centrifugal Pump (P-201) specification sheet on page 101 and the Sample 
Calculations in Appendix IX on page 252. 
Pump (P-202) 
P-202 is a centrifugal pump used to pump liquid stream S-217 to be mixed, cooled, and sent to the third 
reactor in the cascade of reaction train 4. For a pressure change of 15 psi, the head developed is 29 ft, and 
the net work required is 0.28 hp. With a carbon steel construction, the total bare-module cost of the unit is 
$113,740. This pump has the same specifications as P-201. Therefore, two of the same pumps can be 
purchased for P-201 and P-202. Please refer to the Centrifugal Pump (P-202) specification sheet on page 
102 and the Sample Calculations in Appendix IX on page 252. 
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Pump (P-203) 
P-203 is a centrifugal pump used to pump liquid stream S-224 to be mixed, cooled, and sent to the vapor 
liquid separator (F-201). For a pressure change of 30 psi, the head developed is 58 ft, and the net work 
required is 0.56 hp. With a carbon steel construction, the total bare-module cost of the unit is $113,740. 
Please refer to the Centrifugal Pump (P-203) specification sheet on page 103 and the Sample Calculations 
in Appendix IX on page 252. 
Pump (P-204) 
P-204 is a centrifugal pump used to pump liquid stream S-229 to be heated through by the heat exchanger 
(HX-206). For a pressure change of 30 psi, the head developed is 57 ft, and the net work required is 0.55 
hp. With a carbon steel construction, the total bare-module cost of the unit is $103,090. This pump has the 
same specifications as P-203. Therefore, two of the same pumps can be purchased for P-203 and P-204. 
Please refer to the Centrifugal Pump (P-204) specification sheet on page 104 and the Sample Calculations 
in Appendix IX on page 252. 
Reactor 3 (R-201) 
In the third reactor, the exothermic ammoxidation to produce 3-cyanopyridines (and water as a byproduct) 
using ammonia and oxygen with PIC takes place at an overall conversion of 99%. As mentioned before, 
the high conversion rates are taken as an ideal case for the design process. These conversion rates were 
seen in the bench-scale experiments for the Lonza patent process. R-201 is comprised of 2,000 tubes 42 ft 
in total length and diameters of 1.8 inches, operating at 554°F and a pressure of 42 psia over V2O5, TiO2, 
ZrO2, and MoO3 catalysts. With a stainless steel shell-and-tube heat exchanger construction, the total heat 
transfer surface area is 39,580 ft
2
. The total bare-module cost of the unit is $2,286,270. Please refer to the 
Reactor 3 (R-201) specification sheet on page 108.  
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Reactor 4 (R-202A,B,C) 
In Reactor 4, the biohydrolysis of 3-cyanopyridine produces niacinamide and water as a byproduct with 
an overall conversion of 99%. R-202A is the first in a series of three stirred-tank semi-batch reactors with 
a continuous feed of 3-cyanopyridine via S-206 at concentrations of between 10–20 wt% in the direction 
of process flow. The reactor also houses the whole cell biocatalyst R. rhodochrous J1 immobilized in 
polyacrylamide particles. The enzymatic hydration produces the desired amide at >99.3% selectivity at 
100% conversion. The reactors have a volume of 6,975 ft
3 
each and a residence time of 4 hours each, and 
will operate at 77°F and 15 psia. Each vessel will be equipped with two turbine agitators with an agitation 
rate of 110 rpm for each impeller. With a carbon steel (SA-285 Grade C) construction, the total bare-
module cost of one unit is $918,160 making the total bare-module cost of the entire cascade to be 
$2,754,480. Please refer to the Stirred Tank Reactor specification sheet on page 109 and the Sample 
Calculations in Appendix IX on page 253. 
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Block (300) 
Table C3.  A list of equipment used in the process for the 300 block. 
Unit # Equipment Type Function Operating 
T (°F) 
Operating 
P (psi) 
AS-301 
Packed Bed Air 
Stripper 
Removes NH3 from S-319 so that the 
excess water can be release to surroundings 
68 
15 
C-301 Compressor 
Increases pressure of S-310 before entering 
HX-304 
887 
ΔP=54 
Discharge  
P=68 
DC-301 Decolorizing Unit 
Removed red dye leftover from biocatalyst 
in R-202 
77 
20 
DR-301 Dryer 
Allows heated nitrogen to separate the 
mixture in S-307 to product in S-316 and 
recycled S-310 
387 
15 
F-301 Flash Vessel 
Separate N2 for recycle to the dryer; 
remainder to stream to liquid recycle, feed 
is S-312 
32 
58 
HX-301 Heat Exchanger 
Increases temperature of S-301 before 
running through DC-301 
77 
25 
HX-302 Heat Exchanger 
Increases temperature of S-306 before 
running through DR-301 
392 
30 
HX-303 Heat Exchanger 
Increases temperature of S-308 before 
running through DR-301 
392 
20 
HX-304A Heat Exchanger 
Decreases temperature of S-311 before 
entering F-301 
100 
63 
HX-304B Heat Exchanger 
Decreases temperature of S-311 before 
entering F-302 
32 
58 
M-301 Mixer 
Mixes the streams entering (S-201, S-231, 
S-318) 
31 
35 
P-301 Pump 
Increases pressure of S-305 before running 
through HX-302 
77 
ΔP=25 
Discharge  
P=40 
SP-301 Splitter 
Models the control valves used to split S-
317 into a purge and recycled stream 
32 
48 
SP-302 Splitter 
Models the control valves used to split S-
313 into a purge and recycled stream 
32 
48 
T-301 Storage Tank 
Stores the free-flowing powder form of the 
niacinamide product exiting S-316 
77 
15 
WS-301 Wet Scrubber 
Cleans ammonia out of S-314 so it can be 
vented to the atmosphere 
210 
48 
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Compressor (C-301) 
C-301 is a centrifugal compressor used to increase the pressure of the vapor stream S-310 by 53.5 psi, 
from 14.5 psia to 68 psia in S-311 before it is sent to the heat exchanger (HX-304A). The inlet volumetric 
flow rate is 12,915 ft
3
/min. The power consumption of the unit is 2,253 HP. With a cast-iron construction, 
the total bare-module cost of the unit is $2,331,340. Please refer to the Compressor (C-301) specification 
sheet on page 76 and the Sample Calculations in Appendix IX on page 248. 
Decolorizing Unit (DC-301) 
DC-301 is a vertical vessel filled with activated carbon that acts as an adsorption column to remove the 
red pigment found in S-302. The unit operates at 77°F and 25 psia. The unit was modeled as a vertical 
pressure vessel. The height and diameter of the vessel is 16 and 4 ft respectively. With a carbon steel (SA-
285 Grade C) construction, the total bare-module cost of the unit is $149,787. Please refer to the 
Decolorizing Unit (DC-301) specification sheet on page 79 and the Sample Calculations in Appendix IX 
on page 239 and page 251. 
Dryer (DR-301) 
DR-301 is a commercial Wyssmont TURBO-DRYER® system that dries the wet stream of niacinamide 
(S-307) to its final form of free-flowing powder (S-316). The drying medium used is a hot inert stream of 
nitrogen gas from S-309. The system has an evaporation rate of 650 lb/hr. With a stainless steel interior, 
the total bare-module cost of the unit is $1,657,000. Please refer to the Dryer specification sheet on page 
80. 
Flash Vessel (F-301) 
F-301 is a vertical flash vessel to separate the nitrogen to be recycled back via S-313 and ammonia and 
water to be recycled back via S-317. The unit operates at 32°F and 58 psia with a residence time of 5 
minutes. The height and diameter of the vessel is 12 and 4 ft respectively. With a steel (ASTM A516) 
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construction, the total bare-module cost of the unit is $479,540. Please refer to the Flash Vessel (F-301) 
specification sheet on page 82 and the Sample Calculations in Appendix IX on page 249. 
Heat Exchanger (HX-301) 
HX-301 is a floating head shell-and-tube heat exchanger that increases the temperature of stream S-302 
entering the decolorizing unit (DC-301). S-301 on the tube side is heated from 31°F (S-301) to 77°F (S-
302). 1,020 lb/hr of hot water at 100°F enters the shell side to heat the streams. The tube and shell side 
heat transfer coefficients are 1,000 and 1,050 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer 
area of 21 ft
2
. The total heat duty is 1.24 MMBtu/hr. There are four 20 ft. tubes with outer diameters of 1 
in. The shell is 22 ft. in length and has a diameter of 4 in. with 18 baffles. With a carbon steel construction, 
the total bare-module cost of the unit is $210,100. All calculations were performed using ASPEN Plus 
Exchanger Design and Rating (EDR) and cost using ASPEN Process Economic Analyzer (IPE). Please 
refer to the Heat Exchanger (HX-301) specification sheet on page 92 in Appendix IX on page 250.  
Heat Exchanger (HX-302) 
HX-302 is a floating head shell-and-tube heat exchanger that models an evaporator which increases the 
temperature of stream S-307 entering the dryer (DR-301). S-306 on the tube side is heated from 77°F (S-
306) to 392°F (S-307). 24,000 lb/hr of steam at 450 psia enters the shell side to heat the streams. The tube 
and shell side heat transfer coefficients are 1,000 and 530 Btu/hr-ft
2
-°F respectively, leading to a total heat 
transfer area of 950 ft
2
. The total heat duty is 28.9 MMBtu/hr. There are 182 tubes of 20 ft. in length with 
outer diameters of 1 in. The shell is 22 ft. in length and has a diameter of 20 in. with 18 baffles. With a 
carbon steel construction, the total bare-module cost of the unit is $391,400. All calculations were 
performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using ASPEN Process 
Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-302) specification sheet on page 93 in 
Appendix IX on page 250.  
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Heat Exchanger (HX-303) 
HX-303 is a floating head shell-and-tube heat exchanger that increases the temperature of stream S-309 
entering the dryer (DR-301). S-308 on the tube side is heated from 77°F (S-308) to 392°F (S-309). 2 lb/hr 
of steam at 450 psia enters the shell side to heat the streams. The tube and shell side heat transfer 
coefficients are 1,000 and 30 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 5 ft
2
. The 
total heat duty is 2,430 Btu/hr. There is one 20 ft. tube with an outer diameter of 1 in. The shell is 22 ft. in 
length and has a diameter of 3 in. with 18 baffles. With a carbon steel construction, the total bare-module 
cost of the unit is $180,100. All calculations were performed using ASPEN Plus Exchanger Design and 
Rating (EDR) and cost using ASPEN Process Economic Analyzer (IPE). Please refer to the Heat 
Exchanger (HX-303) specification sheet on page 94 in Appendix IX on page 250.  
Heat Exchanger (HX-304A) 
HX-304A is a floating head shell-and-tube heat exchanger, modeling a partial condenser, decreases the 
temperature of the stream leaving the dryer (DR-301). The hot stream on the shell side is cooled from 
887°F (S-311) to 100°F (S-312A). S-311 is at an unusually high temperature because the compressor 
preceding this heat exchanger increases the temperature of the stream from 387°F to 887°F with the 
pressure increase of 53.5 psi. 1,099,000 lb/hr of cooling water enters the tube side to cool the streams. 
The tube and shell side heat transfer coefficients are 1050 and 265 Btu/hr-ft
2
-°F respectively, leading to a 
total heat transfer area of 1411 ft
2
. The total heat duty is -32.8 MMBtu/hr. There are 270 tubes of 20 ft. 
with an outer diameter of 1 in. The shell is 22 ft. in length and has a diameter of 24 in. with 18 baffles. 
With a carbon steel construction, the total bare-module cost of the unit is $802,500. All calculations were 
performed using ASPEN Plus Exchanger Design and Rating (EDR) and cost using ASPEN Process 
Economic Analyzer (IPE). Please refer to the Heat Exchanger (HX-304A) specification sheet on page 95 
in Appendix IX on page 250.  
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Heat Exchanger (HX-304B) 
HX-304B is a floating head shell-and-tube heat exchanger that also acts as a partial condenser which 
further decreases the temperature of the stream leaving the dryer (DR-301) before it enters the vapor 
liquid separator (F-301). The hot stream on the shell side is cooled from 100°F (S-312A) to 32°F (S-312). 
3,997,250 lb/hr of refrigerant enters the tube side to cool the streams. The tube and shell side heat transfer 
coefficients are 250 and 470 Btu/hr-ft
2
-°F respectively, leading to a total heat transfer area of 242 ft
2
. The 
total heat duty is -1.75 MMBtu/hr. There are 47 tubes of 20 ft. with an outer diameter of 1 in. The shell is 
22 ft. in length and has a diameter of 12 in. with 18 baffles. With a carbon steel construction, the total 
bare-module cost of the unit is $280,300. All calculations were performed using ASPEN Plus Exchanger 
Design and Rating (EDR) and cost using ASPEN Process Economic Analyzer (IPE). Please refer to the 
Heat Exchanger (HX-304B) specification sheet on page 96 and in Appendix IX on page 250.  
Neutralizer (N-301) 
N-301 is a vertical vessel that neutralizes the product stream, forming a slurry of ammonium nicotinate 
that dissolves in ammonia. The unit operates at 77°F and 20 psia. The unit was modeled as a vertical 
pressure vessel with agitators. The height and diameter of the vessel is 14.2 and 3.5 ft respectively. The 
vessel is fitted with two pitched blade turbines, each requiring a power of 2.89 hp, rotating at 200 rpm to 
mix the contents of the vessel well, ensuring thorough solubility. With a carbon steel (SA-285 Grade C) 
construction, the total bare-module cost of the unit is $142,700. Please refer to the Neutralizer (N-301) 
specification sheet on page 97 and the Sample Calculations in Appendix IX on page 251 and page 245. 
Centrifugal Pump (P-301) 
P-301 is a centrifugal pump used to pump liquid stream S-305 from the neutralizer to be heated through 
by the heat exchanger (HX-302) before being sent to the dryer. For a pressure change of 25 psi, the head 
developed is 56 ft, and the net work required is 1.7 hp. With a carbon steel construction, the total bare-
module cost of the unit is $120,600. Please refer to the Centrifugal Pump (P-301) specification sheet on 
page 105 and the Sample Calculations in Appendix IX on page 252. 
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Product Storage Bin (T-301) 
T-301 is a cone roof storage bin for the free-flowing powder form of the niacinamide product at ambient 
temperature and pressure. The bin has a storage capacity of 93,000 gallons of niacinamide with a 
residence time of 7 days. Niacinamide enters the bin continuously via S-316. Using a carbon steel 
construction, the total bare-module cost of the unit is $434,000. Please refer to the Product Storage Tank 
specification sheet on page 111 and the Sample Calculations in Appendix IX on page 254. 
Mixers (M-101, M-201, M-202, M-203, M-204, M-301) and Splitters (SP-201, SP-301, SP-302) 
All the mixers and splitters in the process are T’s in the pipeline. No purchase cost is associated with the 
splitters and mixers as they are merely pipeline.  
Mixers are used to mix multiple streams together before they are fed into unit equipment: 
M-101 mixes S-102 and S-109 for feed into HX-101;  
M-201 mixes streams S-119 and S-202 for subsequent feed into HX-201; 
M-202 mixes streams S-209 and S-211 for subsequent feed into HX-203;  
M-203 mixes streams S-216 and S-218 for subsequent feed into HX-204;  
M-204 mixes streams S-223 and S-225 for subsequent feed into HX-205;  
M-301 combines split stream S-201, S-231, and recycle stream S-318 to be fed into HX-301. 
 
Splitters are used to redirect part of a well flow fluid circulation from its regular practice to smaller 
pipelines by managing a sequence of control valves:  
SP-201 splits S-118 into two streams (S-201, fraction of 0.011, and S-202, fraction of 0.989) in which S-
202 contains the excess flow of reactants not needed in the reaction; 
SP-301 splits S-317 to a purge (S-319, fraction of 0.1) and recycle stream (S-318, fraction of 0.9);  
SP-302 splits S-313 to a purge (S-314, fraction of 0.1) and recycle stream (S-315, fraction of 0.9).  
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D. EQUIPMENT SPECIFICATION SHEETS 
The following pages list the specification sheets that detail each unit in the process. 
Table D1. Equipment specifications table of contents 
Page Unit # Equipment 
66 A-101 Absorber 
67 A-101 Condenser, Reboiler 
68 A-102 Absorber 
69 A-102 Condenser, Reboiler 
70 B-201 Blower 
71 B-202 Blower 
72 B-203 Blower 
73 C-101 Compressor 
74 C-102 Compressor 
75 C-103 Compressor 
76 C-301 Compressor 
77 D-101 Distillation 
78 D-101 Condenser, Reboiler 
79 DC-301 Decolorizer 
80 DR-301 Dryer 
81 F-201 Flash Vaporizer 
82 F-301 Flash Vaporizer 
83 HX-101 Heat Exchanger 
84 HX-102 Heat Exchanger 
85 HX-201 Heat Exchanger 
86 HX-202A Heat Exchanger 
87 HX-202B Heat Exchanger 
88 HX-203 Heat Exchanger 
89 HX-204 Heat Exchanger 
90 HX-205 Heat Exchanger 
91 HX-206 Heat Exchanger 
92 HX-301 Heat Exchanger 
93 HX-302 Heat Exchanger 
94 HX-303 Heat Exchanger 
95 HX-304A Heat Exchanger 
96 HX-304B Heat Exchanger 
97 N-301 Neutralizer 
98 P-101 Pump 
99 P-102 Pump 
100 P-103 Pump 
101 P-201 Pump 
102 P-202 Pump 
103 P-203 Pump 
104 P-204 Pump 
105 P-301 Pump 
106 R-101 Tubular Reactor 
107 R-102 Packed Bed Reactor 
108 R-201 Tubular Reactor 
109 R-202A,B,C Stirred-Tank Rectors in Series 
110 T-101 Storage Tank 
111 T-301 Storage Tank 
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Identification: Item: Absorber
Item No.: A-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 791,116* CBM ($): 3,291,044
Function: Separates O2 , H2  and N2 from ammonia, water, niacinamide and the remaining heavy components in the bottoms.
Operation: Continuous
S-112 Bottoms S-119 Overhead S-113
Inlet Outlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,307 2,650 656
Volumetric Flow (ft3/hr): 36,436 54 14,104
Component Flows (lb/hr):
O2 0 0 0
H2 170 Trace 170
N2 0 0 0
Ammonia 485 Trace 485
H2O 0 0 0
CO2 0 0 0
MPDA 0.002 0.002 Trace
3-methylpiperidine 28 0.07 28
3-picoline 2,624 2,624 1
3-cyanopyridine 0 0 0
Niacinamide 0 0 0
Temperature (°F): 554 366 6
Pressure (psi): 42.2 40 40
Vapor Fraction: 1 <0.001 1
Design Data:
Type: Absorption Column
Material: Carbon Steel
Length (ft): 20.0
Diameter (in): 10.0
Number of stages: 20
Utilities:
450 psi Steam (lb/hr): 1,401
Refrigeration (ton/day): 76,943
Comments: * cost reflects emtire unit incl. condenser and reboiler
Absorber
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Identification: Item: Fixed Tube Sheet Heat Exchanger
Item No.: A-101-condenser Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
CBM ($): 65,870
Design Data:
Type: Heat Exchanger Tube
Refux Ratio: 1 Number of tubes: 44
Th,i (°F): 274 Stage 2 Length (ft): 20
Th,o (°F): 6 Stage 1 / S-113 Do  (in): 1
Tube side h (Btu/hr-ft2): 250 Shell
Shell side h (Btu/hr-ft 2): 2632 Length (ft): 20
Total heat transfer A (ft2): 226 D (in): 10
Total heat duty (MMBtu/hr): -2.8 Number of baffles: 16
Material: Carbon Steel
Identification: Item: U-tube kettle vaporizer
Item No.: A-101-reboiler Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
CBM ($): 55,480
Design Data:
Type: Heat Exchanger Tube
Number of tubes: 39
T c,i (°F): 366 Stage 20 Length (ft): 20
Tc,o  (°F): 444 Do  (in): 1
Tube side h (Btu/hr-ft2): 1000 Shell
Shell side h (Btu/hr-ft 2): 200 Length (ft): 13
Total heat transfer A (ft2): 202 D (in): 21
Total heat duty (MMBtu/hr): 1.7 Number of baffles: 9
Material: Carbon Steel
Condenser
Reboiler
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Identification: Item: Absorber
Item No.: A-102 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 548,989 CBM ($): 2,283,795
Function: Separates  H2 via extraction with water
Operation: Continuous
Inlet (S-114) Inlet (S-117) Outlet (S-118 ) Outlet (S-115)
Materials Handled:
Total Flow (lb/hr): 656 1,200 1682 175
Volumetric Flow (ft3/hr): 5,536 19 35 1845
Component Flows (lb/hr):
O2 0 0 0 0
H2 170 0 Trace 170
N2 0 0 0 0
Ammonia 485 0 481 4
H2O 0 1200 1200 Trace
CO2 0 0 0 0
MPDA Trace 0 0 0
3-methylpiperidine Trace 0 Trace Trace
3-picoline 1 0 1 Trace
3-cyanopyridine 0 0 0 0
Niacinamide 0 0 0 0
Temperature (°F): 314 91 225 -118
Pressure (psi): 170 170 170 170
Vapor Fraction: 1 0 <0.001 1
Design Data:
Type: Absorption Column
Material: Carbon Steel
Length (ft): 20.0
Diameter (in): 10.0
Number of stages: 10
Utilities:
450 psi Steam (lb/hr): 682
Refrigeration (ton/day): 33,598
Comments: * cost reflects emtire unit incl. condenser and reboiler
Absorber
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Identification: Item: Fixed Tube Sheet Heat Exchanger
Item No.: A-102-condenser Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
CBM ($): 73,300
Design Data:
Type: Heat Exchanger Tube
Refux Ratio: 1 Number of tubes: 34
Th,i (°F): 90 Stage 2 Length (ft): 20
Th,o (°F): -118 Stage 1 / S-113 Do  (in): 1
Tube side h (Btu/hr-ft2): 250 Shell
Shell side h (Btu/hr-ft 2): 1019 Length (ft): 20
Total heat transfer A (ft2): 177 D (in): 10
Total heat duty (MMBtu/hr): -1.2 Number of baffles: 16
Material: Carbon Steel
Identification: Item: U-tube kettle vaporizer
Item No.: A-102-reboiler Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
CBM ($): 42,560
Design Data:
Type: Heat Exchanger Tube
Number of tubes: 6
T c,i (°F): 146 Stage 9 Length (ft): 20
Tc,o  (°F): 225 Stage 10 Do  (in): 1
Tube side h (Btu/hr-ft2): 1000 Shell
Shell side h (Btu/hr-ft 2): 526 Length (ft): 13
Total heat transfer A (ft2): 202 D (in): 9
Total heat duty (MMBtu/hr): 0.8 Number of baffles: 9
Material: Carbon Steel
Condenser
Reboiler
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Identification: Item: Blower
Item No.: B-201 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 2,555 CBM ($): 5,492
Function: Maintains pressure for stream S-208.
Operation: Continuous
S-208 S-209
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 148 148
Volumetric Flow (ft3/hr): 1,802 1,096
Component Flows (lb/hr):
O2 135 135
H2 0 0
N2 0.4 0.4
Ammonia 0.004 0.004
H2O 3 3
CO2 7 7
MPDA Trace Trace
3-methylpiperidine 2 2
3-picoline 0.7 0.7
3-cyanopyridine 0.1 0.1
Niacinamide Trace Trace
Temperature (°F): 77 251
Pressure (psi): 14.6 31.9
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 2.8
ΔPressure (psi): 17.3
Compression Ratio: 2.2
Utilities:
Electricity (kW):  1.7
Comments: 
Centrifugal Blower
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Identification: Item: Blower
Item No.: B-202 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 2,304 CBM ($): 4,954
Function: Maintains pressure for stream S-215.
Operation: Continuous
S-215 S-216
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 148 148
Volumetric Flow (ft3/hr): 1,740 1,123
Component Flows (lb/hr):
O2 135 135
H2 0 0
N2 0.4 0.4
Ammonia 0.004 0.004
H2O 3 3
CO2 7 7
MPDA Trace Trace
3-methylpiperidine 2 2
3-picoline 0.7 0.7
3-cyanopyridine 0.1 0.1
Niacinamide Trace Trace
Temperature (°F): 77 230
Pressure (psi): 15.1 30.1
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 2.5
ΔPressure (psi): 15
Compression Ratio: 2.0
Utilities:
Electricity (kW):  1.5
Comments: 
Centrifugal Blower
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Identification: Item: Blower
Item No.: B-203 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 2,828 CBM ($): 6,080
Function: Maintains pressure for stream S-208.
Operation: Continuous
S-222 S-223
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 148 148
Volumetric Flow (ft3/hr): 1,682 959
Component Flows (lb/hr):
O2 135 135
H2 0 0
N2 0.4 0.4
Ammonia 0.004 0.004
H2O 3 3
CO2 7 7
MPDA Trace Trace
3-methylpiperidine 2 2
3-picoline 0.7 0.7
3-cyanopyridine 0.1 0.1
Niacinamide Trace Trace
Temperature (°F): 77 276
Pressure (psi): 15.6 37.6
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 3.2
ΔPressure (psi): 22
Compression Ratio: 2.4
Utilities:
Electricity (kW):  2.0
Comments: 
Centrifugal Blower
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Identification: Item: Compressor
Item No.: C-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 40,335 CBM ($): 86,719
Function: Maintains pressure for stream S-104.
Operation: Continuous
S-104 S-105
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,340 3,340
Volumetric Flow (ft3/hr): 8,642 3,915
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0  
Ammonia Trace Trace
H2O 0 0
CO2 0 0
MPDA 3,340 3,340
3-methylpiperidine 0.002 0.002
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 527 560
Pressure (psi): 33.5 72.5
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 25.3
ΔPressure (psi): 39
Compression Ratio: 2.2
Utilities:
Electricity (kW):  16.5
Comments: 
Centrifugal Compressor
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Identification: Item: Compressor
Item No.: C-102 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 94,138 CBM ($): 202,397
Function: Maintains pressure for stream S-104.
Operation: Continuous
S-107 S-110
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,307 3,307
Volumetric Flow (ft3/hr): 30,087 7,563
Component Flows (lb/hr):
O2 0 0
H2 0 0  
N2 0 0
Ammonia 485 485
H2O 0 0
CO2 0 0
MPDA 0.002 0.002
3-methylpiperidine 2,822 2,822
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 266 393
Pressure (psi): 14.7 72.5
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 81.6
ΔPressure (psi): 17.3
Compression Ratio: 4.9
Utilities:
Electricity (kW):  54.6
Comments: 
Centrifugal Compressor
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Identification: Item: Compressor
Item No.: C-103 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 118,025 CBM ($): 253,753
Function: Maintains pressure for stream S-113.
Operation: Continuous
S-113 S-114
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 656 656
Volumetric Flow (ft3/hr): 14,104 5,536
Component Flows (lb/hr):
O2 0 0
H2 170 170
N2 0 0
Ammonia 485 485
H2O 0 0
CO2 0 0
MPDA Trace Trace
3-methylpiperidine Trace Trace
3-picoline 1 1
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 6 314
Pressure (psi): 40 170
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 111.5
ΔPressure (psi): 17.3
Compression Ratio: 4.3
Utilities:
Electricity (kW):  75.0
Comments: 
Centrifugal Compressor
 
 
 
 
V. Process Design  Bains, Clark, Lowey, Soo  
 
 
76 
 
 
 
 
Identification: Item: Compressor
Item No.: C- 301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 1,084,345 CBM ($): 2,331,342
Function: Maintains pressure for stream S-310.
Operation: Continuous
S-310 S-311
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 22,481 22,481
Volumetric Flow (ft3/hr): 774,892 262,832
Component Flows (lb/hr):
O2 2 2
H2 0 0
N2 309 309
Ammonia 54 54
H2O 22,113 22,113
CO2 3 3
MPDA 0 0
3-methylpiperidine 0 0
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 387 887
Pressure (psi): 14.5 68
Vapor Fraction: 1 1
Design Data:
Material: Cast Iron
Net Work Requirement (hp): 2253.0
ΔPressure (psi): 17.3
Compression Ratio: 4.7
Utilities:
Electricity (kW):  1563.1
Comments: 
Centrifugal Compressor
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Identification: Item: Distillation 
Item No.: D-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 967,255 CBM ($): 4,023,779
Function: Separates MPDA from ammonia and 3-methylpiperidine for recycling.
Operation: Continuous
S-106 Overhead S-107 Bottoms S-108
Inlet Outlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,340 3,307 33
Volumetric Flow (ft3/hr): 8,707 29,720 0.7
Component Flows (lb/hr):
O2 0 0 0
H2 0 0 0
N2 0 0 0
Ammonia 485 485 Trace
H2O 0 0 0
CO2 0 0 0
MPDA 33 Trace 33
3-methylpiperidine 2,822 2,822 Trace
3-picoline 0 0 0
3-cyanopyridine 0 0 0
Niacinamide 0 0 0
Temperature (°F): 581 266 379
Pressure (psi): 71.6 14.7 14.7
Vapor Fraction: 1 1 <0.001
Design Data:
Type: Pressure Vessel
Material: Carbon Steel
Length (ft): 20.0
Diameter (ft): 1.0
Number of stages: 40
Utilities:
Cooling Water (lb/hr): 231,886
450 psi Steam (lb/hr): 5,304
Comments: * cost reflects emtire unit incl. condenser and reboiler
Distillation Tower
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Identification: Item: Fixed Tube Sheet Heat Exchanger
Item No.: D-101-condenser Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
CBM ($): 59,060
Design Data:
Type: Heat Exchanger Tube
Refux Ratio: 1 Number of tubes: 52
Th,i (°F): 306 Stage 2 Length (ft): 20
Th,o (°F): 266 Stage 1 / S-107 Do  (in): 1
Total heat duty (MMBtu/hr): -6.9 Shell
Material: Carbon Steel Length (ft): 20
D (in): 12
Number of baffles: 16
Identification: Item: U-tube kettle vaporizer
Item No.: D-101-reboiler Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
CBM ($): 85,980
Design Data:
Type: Heat Exchanger Tube
Number of tubes: 176
T c,i (°F): 318 Stage 40 Length (ft): 20
Tc,o  (°F): 402 S-108 Do  (in): 1
Tube side h (Btu/hr-ft2): 1000 Shell
Shell side h (Btu/hr-ft 2): 200 Length (ft): 13
Total heat transfer A (ft2): 143 D (in): 21
Total heat duty (MMBtu/hr): 6.4 Number of baffles: 9
Material: Carbon Steel
Condenser
Reboiler
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Identification: Item: Decolorizing unit
Item No.: DC-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 38,089 CBM ($): 149,787
Function: Removes color from the niacin product.
Operation: Continuous
S-302 S-304
Inlet Outlet 
Materials Handled:
Total Flow (lb/hr): 25,619 25,619
Volumetric Flow (ft3/hr): 465 465
Component Flows (lb/hr):
O2 0.02 0.02
H2 Trace Trace
N2 0.002 0.002
Ammonia 54 54
H2O 22,113 22,113
CO2 0.4 0.4
MPDA 0.002 0.002
3-methylpiperidine 27 27
3-picoline 23 23
3-cyanopyridine 29 29
Niacinamide 3,372 3,372
Temperature (°F): 77 77
Pressure (psi): 25 20
Vapor Fraction: <0.001 <0.001
Design Data:
Material: Carbon steel
Diameter (ft): 4.0
Length (ft): 15.9
Volume (ft 3): 199
Residence Time (min): 10
Utilities:
Comments: 
Decolorizer
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Identification: Item: Dryer
Item No.: DR-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 804,369 CBM ($): 1,657,000
Function: Dries off ammonia and water, leaving a dry powdered form of niacinamide product
Operation: Continuous
 
Inlet (S-309) Inlet (S-315) Inlet (S-307) Outlet (S-310) Outlet (1-316)
Materials Handled:
Total Flow (lb/hr): 31 283 25,619 22,481 3,452
Volumetric Flow (ft3/hr): 517 1,104 380,573 774,892 44
Component Flows (lb/hr):
O2 0 2 0.2 2 0
H2 0 0 0 0 0
N2 31 278 0.002 309 0
Ammonia 0 0.03 54 54 0
H2O 0 0.2 22,113 22,113 0
CO2 0 3 0.4 3 0
MPDA 0 0 0.002 0 0.002
3-methylpiperidine 0 0 27 0 27
3-picoline 0 0 23 0 23
3-cyanopyridine 0 0 29 0 29
Niacinamide 0 0 3372 0 3372
Temperature (°F): 392 32 392 387 387
Pressure (psi): 19.5 48 29.9 14.5 14.5
Vapor Fraction: 1 1 1 1 0
Design Data:
Evaporation Rate (lb/hr): 650.0
Material: Stainless steel
Diameter (ft): 20
Height (ft): 23
Utilities:
Comments: 
Continuous Turbo-Tray Dryer
 
 
 
 
 
 
V. Process Design  Bains, Clark, Lowey, Soo  
 
 
81 
 
 
Identification: Item: Flash
Item No.: F-201 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 128,760 CBM ($): 535,640
Function: Separates O2, H2 and N2 from ammonia, water, niacinamide and the remaining heavy components in the bottoms.
Operation: Continuous
S-227 Overhead S-228 Bottoms S-229
Inlet Outlet Outlet
Materials Handled:
Total Flow (lb/hr): 5,795 145 5,650
Volumetric Flow (ft3/hr): 917 1,563 75
Component Flows (lb/hr):
O2 136 135 0.2
H2 0 0 0
N2 0.4 0.4 Trace
Ammonia 0.08 0.001 0.08
H2O 2,199 0.5 2,198
CO2 7 7 0.3
MPDA 0.002 Trace 0.002
3-methylpiperidine 28 1 27
3-picoline 24 0.3 23
3-cyanopyridine 29 0.03 29
Niacinamide 3372 Trace 3372
Temperature (°F): 32 32 32
Pressure (psi): 27.6 15 15
Vapor Fraction: 0.029 1 0
Design Data:
Type: Pressure Vessel
Material: Carbon Steel
Length (ft): 12.0
Diameter (ft): 3.0
Utilities:
Comments: 
Vapor Liquid Separator
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Identification: Item: Flash
Item No.: F-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 115,273 CBM ($): 479,535
Function: Separates 3-methylpiperidine, 3-picoline and 3-cyanopyridine from stream O 2 , H2 , N 2 , H 2O and CO 2 effluent
Operation: Continuous
S-312 Overhead S-313 Bottoms S-317
Inlet Outlet Outlet
Materials Handled:
Total Flow (lb/hr): 22,481 315 22,166
Volumetric Flow (ft3/hr): 1,365 1,016 349
Component Flows (lb/hr):
O2 2 2 0.001
H2 0 0 0
N2 309 309 0.002
Ammonia 54 0.03 54
H2O 22,113 0.2 22,113
CO2 3 3 0.02
MPDA 0 0 0
3-methylpiperidine 0 0 0
3-picoline 0 0 0
3-cyanopyridine 0 0 0
Niacinamide 0 0 0
Temperature (°F): 32 32 32
Pressure (psi): 58 58 58
Vapor Fraction: 0.009 1 0
Design Data:
Type: Pressure Vessel
Material: Carbon Steel
Length (ft): 12.0
Diameter (ft): 4.0
Utilities:
Comments: 
Vapor Liquid Separator
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Identification: Item: Floating head shell-and-tube
Item No.: HX-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 76,656 CBM ($): 243,001
Function: Preheater for MPDA feed to first reactor.
Operation: Continuous
S-103 S-104
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 3,340 3,340
Volumetric Flow (ft3/hr): 55 8,642
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0
Ammonia Trace Trace
H2O 0 0
CO2 0 0
MPDA 3,340 3,341
3-methylpiperidine Trace Trace
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 81 527
Pressure (psi): 43.5 33.5
Vapor Fraction: 0 1
Design Data:
Q (Btu/hr): 1,468,101 Th,i (°F): 712.9
U0  (Btu/hr-ft
2-°F): 175.0 Th,o (°F): 400.0
U i (Btu/hr-ft
2-°F): 200.0 T c,i (°F): 81.0
A0  (ft
2): 143 Tc,o  (°F): 527.0
Material: Carbon Steel ΔTlm  (°F): 246.5
Utilities:
Dowtherm A (MMBTU/hr): 1.47
Dowtherm A (lb/hr): 5,872
Comments: Hot stream is on the shell side and cold stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-102 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 74,697 CBM ($): 236,789
Function: Preheater for feed to second reactor.
Operation: Continuous
S-110 S-111
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 3,307 3,307
Volumetric Flow (ft3/hr): 6,848 9,682
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0
Ammonia 485 485
H2O 0 0
CO2 0 0
MPDA 0.002 0.002
3-methylpiperidine 2822 2822
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 393 554
Pressure (psi): 72.5 62.5
Vapor Fraction: 1 1
Design Data:
Q (Btu/hr): 292,947 Th,i (°F): 712.9
U0  (Btu/hr-ft
2-°F): 175 Th,o (°F): 400.0
U i (Btu/hr-ft
2-°F): 100 T c,i (°F): 393.0
A0  (ft
2): 104 Tc,o  (°F): 554.0
Material: Carbon steel ΔTlm  (°F): 48.6
Utilities:
Dowtherm A (MMBTU/hr): 0.29
Dowtherm A (lb/hr): 1172
Comments: Hot stream is on the shell side and cold stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-201 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 133,947 CBM ($): 424,612
Function: Heater for feed to third reactor.
Operation: Continuous
S-203A S-203
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 3,307 3,307
Volumetric Flow (ft3/hr): 47,740 41,773
Component Flows (lb/hr):
O2 0 0
H2 Trace Trace
N2 0 0
Ammonia Trace 475
H2O 0 0
CO2 0 0
MPDA 0.002 0
3-methylpiperidine 28 0
3-picoline 2,622 1
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 366 224
Pressure (psi): 40 170
Vapor Fraction: <0.001 <0.001
Design Data:
Q (Btu/hr): 2,600,308 Th,i (°F): 712.9
U0  (Btu/hr-ft
2-°F): 143 Th,o (°F): 400.0
U i (Btu/hr-ft
2-°F): 200 T c,i (°F): 224.0
A0  (ft
2): 209 Tc,o  (°F): 366.0
Material: Carbon steel ΔTlm  (°F): 251.9
Utilities:
Dowtherm A (MMBTU/hr): 2.60
Dowtherm A (lb/hr): 10400
Comments: Cool stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-202A Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 104,322 CBM ($): 330,700
Function: Cooler for feed to first CSTR.
Operation: Continuous
S-205 S-206A
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 5,795 5,795
Volumetric Flow (ft3/hr): 72,571 1,245
Component Flows (lb/hr):
O2 136 136
H2 0 0
N2 0.4 0.4
Ammonia 0.08 0.08
H2O 2,696 2,696
CO2 7 7
MPDA 0.002 0.002
3-methylpiperidine 28 28
3-picoline 24 24
3-cyanopyridine 2,904 2,904
Niacinamide 0 0
Temperature (°F): 626 100
Pressure (psi): 29.1 24.1
Vapor Fraction: 1 0.025
Design Data:
Q (Btu/hr): 4,376,826 Th,i (°F): 626.0
U0  (Btu/hr-ft
2-°F): 1019.0 Th,o (°F): 100.0
U i (Btu/hr-ft
2-°F): 1,053 T c,i (°F): 90.0
A0  (ft
2): 146 Tc,o  (°F): 120.0
Material: Carbon Steel ΔTlm  (°F): 126.4
Utilities:
Cooling water (lb/hr): 146,388
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-202B Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 77,117 CBM ($): 244,462
Function: Cooler for feed to first CSTR.
Operation: Continuous
S-206A S-206
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 5,795 5,795
Volumetric Flow (ft3/hr): 1,245 1,457
Component Flows (lb/hr):
O2 136 136
H2 0 0
N2 0.4 0.4
Ammonia 0.08 0.08
H2O 2,696 2,696
CO2 7 7
MPDA 0.002 0.002
3-methylpiperidine 28 28
3-picoline 24 24
3-cyanopyridine 2,904 2,904
Niacinamide 0 0
Temperature (°F): 100 77
Pressure (psi): 24.1 19.1
Vapor Fraction: 0.025 0.025
Design Data:
Q (Btu/hr): -951,843 Th,i (°F): 625.0
U0  (Btu/hr-ft
2-°F): 469.0 Th,o (°F): 77.0
U i (Btu/hr-ft
2-°F): 1053 T c,i (°F): -14.0
A0  (ft
2): 224 Tc,o  (°F): -11.7
Material: Carbon Steel ΔTlm  (°F): 280.5
Utilities:
Refrigeration (ton/day): 26,057
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-203 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 57,636 CBM ($): 182,707
Function: Cooler for feed to second CSTR.
Operation: Continuous
S-212 S-213
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 5,795 5,795
Volumetric Flow (ft3/hr): 950 1,405
Component Flows (lb/hr):
O2 136 136
H2 0 0
N2 0.4 0.4
Ammonia 0.08 0.08
H2O 2,199 2,199
CO2 7 7
MPDA 0.002 0.002
3-methylpiperidine 28 28
3-picoline 24 24
3-cyanopyridine 2,904 2,904
Niacinamide 0 0
Temperature (°F): 79 77
Pressure (psi): 29.6 19.6
Vapor Fraction: 0.029 0.029
Design Data:
Q (Btu/hr): -7,284 Th,i (°F): 79.0
U0  (Btu/hr-ft
2-°F): 303.0 Th,o (°F): 77.0
U i (Btu/hr-ft
2-°F): 250 T c,i (°F): -14.0
A0  (ft
2): 5.23 Tc,o  (°F): -11.7
Material: Carbon Steel ΔTlm  (°F): 90.9
Utilities:
Refrigeration (ton/day): 199
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-204 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 57,636 CBM ($): 182,707
Function: Cooler for feed to third CSTR.
Operation: Continuous
S-219 S-220
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 5,795 5,795
Volumetric Flow (ft3/hr): 1,245 1,457
Component Flows (lb/hr):
O2 136 136
H2 0 0
N2 0.4 0.4
Ammonia 0.08 0.08
H2O 2,199 2,199
CO2 7 7
MPDA 0.002 0.002
3-methylpiperidine 28 28
3-picoline 24 24
3-cyanopyridine 2,904 2,904
Niacinamide 0 0
Temperature (°F): 79 77
Pressure (psi): 30.1 20.1
Vapor Fraction: 0.029 0.029
Design Data:
Q (Btu/hr): -6,495 Th,i (°F): 79.0
U0  (Btu/hr-ft
2-°F): 303.0 Th,o (°F): 77.0
U i (Btu/hr-ft
2-°F): 250 T c,i (°F): -14.0
A0  (ft
2): 5.23 Tc,o  (°F): -11.7
Material: Carbon Steel ΔTlm  (°F): 90.9
Utilities:
Refrigeration (ton/day): 178
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-205 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 72,622 CBM ($): 230,211
Function: Cooler for feed to first flash vessel.
Operation: Continuous
S-226 S-227
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 5,795 5,795
Volumetric Flow (ft3/hr): 761 917
Component Flows (lb/hr):
O2 136 136
H2 0 0
N2 0.4 0.4
Ammonia 0.08 0.08
H2O 2,199 2,199
CO2 7 7
MPDA Trace Trace
3-methylpiperidine 28 28
3-picoline 24 24
3-cyanopyridine 29 29
Niacinamide 3372 3372
Temperature (°F): 79 32
Pressure (psi): 37.6 27.6
Vapor Fraction: 0.029 0.029
Design Data:
Q (Btu/hr): -185,853 Th,i (°F): 79.0
U0  (Btu/hr-ft
2-°F): 469.0 Th,o (°F): 32.0
U i (Btu/hr-ft
2-°F): 250 T c,i (°F): -14.0
A0  (ft
2): 28.5 Tc,o  (°F): -11.7
Material: Carbon Steel ΔTlm  (°F): 65.9
Utilities:
Refrigeration (ton/day): 5,064
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-206 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 53,371 CBM ($): 169,187
Function: Heater for S-230.
Operation: Continuous
S-230 S-231
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 5,650 5,650
Volumetric Flow (ft3/hr): 75 77
Component Flows (lb/hr):
O2 0.2 0.2
H2 0 0
N2 Trace Trace
Ammonia 0.08 0.08
H2O 2,199 2,199
CO2 0.3 0.3
MPDA 0.002 0.002
3-methylpiperidine 27 27
3-picoline 23 23
3-cyanopyridine 29 29
Niacinamide 3,372 3,372
Temperature (°F): 32 90
Pressure (psi): 45 35
Vapor Fraction: 0 0
Design Data:
Q (Btu/hr): 223,486 Th,i (°F): 100.0
U0  (Btu/hr-ft
2-°F): 303.0 Th,o (°F): 90.0
U i (Btu/hr-ft
2-°F): 1000 T c,i (°F): 32.2
A0  (ft
2): 5.96 Tc,o  (°F): 90.0
Material: Carbon Steel ΔTlm  (°F): 27.2
Utilities:
100 oF Water (lb/hr): 185
Comments: Hot stream is on the shell side and cold stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 66,282 CBM ($): 210,113
Function: Preheater for feed to decolorizing unit.
Operation: Continuous
S-301 S-302
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 25,619 25,619
Volumetric Flow (ft3/hr): 433 465
Component Flows (lb/hr):
O2 0.2 1.2
H2 Trace Trace
N2 0.002 0.002
Ammonia 54 54
H2O 22,113 22,113
CO2 0.4 0.4
MPDA 0.002 0.002
3-methylpiperidine 27 27
3-picoline 23 23
3-cyanopyridine 29 29  
Niacinamide 3372 3372
Temperature (°F): 31 77
Pressure (psi): 35 25
Vapor Fraction: <0.001 <0.001
Design Data:
Q (Btu/hr): 1,238,182 Th,i (°F): 100.0
U0  (Btu/hr-ft
2-°F): 1053.0 Th,o (°F): 90.0
U i (Btu/hr-ft
2-°F): 1000 T c,i (°F): 31.0
A0  (ft
2): 20.6 Tc,o  (°F): 77.0
Material: Carbon Steel ΔTlm  (°F): 38.2
Utilities:
100 oF Water (lb/hr): 1,021
Comments: Hot stream is on the shell side and cold stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-302 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 123,457 CBM ($): 391,359
Function: Preheater for slurry feed to spray dryer.
Operation: Continuous
S-306 S-307
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 25,619 25,619
Volumetric Flow (ft3/hr): 400 380,573
Component Flows (lb/hr):
O2 0.2 0.2
H2 0 0
N2 0.002 0.002
Ammonia 54 54
H2O 22,113 22,113
CO2 0.4 0.4
MPDA 0.002 0.002
3-methylpiperidine 27 27
3-picoline 23 23
3-cyanopyridine 29 29
Niacinamide 3,372 3,372
Temperature (°F): 77 392
Pressure (psi): 39.9 29.9
Vapor Fraction: 0 1
Design Data:
Q (Btu/hr): 28,922,227 Th,i (°F): 460.0
U0  (Btu/hr-ft
2-°F): 526.0 Th,o (°F): 460.0
U i (Btu/hr-ft
2-°F): 1000 T c,i (°F): 77.0
A0  (ft
2): 948 Tc,o  (°F): 392.0
Material: Carbon Steel ΔTlm  (°F): 182.2
Utilities:
450 psi Steam (lb/hr): 24,002
Comments: Hot stream is on the shell side and cold stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-303 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 56,829 CBM ($): 180,149
Function: Preheater for N2  feed to spray dryer.
Operation: Continuous
S-308 S-309
Cold In Cold Out
Materials Handled:
Total Flow (lb/hr): 31 31
Volumetric Flow (ft3/hr): 215 517
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 31 31
Ammonia 0 0
H2O 0 0
CO2 0 0
MPDA 0 0
3-methylpiperidine 0 0
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 77 392
Pressure (psi): 29.5 19.5
Vapor Fraction: 1 1
Design Data:
Q (Btu/hr): 2,431 Th,i (°F): 460.0
U0  (Btu/hr-ft
2-°F): 30.0 Th,o (°F): 460.0
U i (Btu/hr-ft
2-°F): 1000 T c,i (°F): 77.0
A0  (ft
2): 5.24 Tc,o  (°F): 392.0
Material: Carbon Steel ΔTlm  (°F): 182.2
Utilities:
450 psi Steam (lb/hr): 2
Comments: Hot stream is on the shell side and cold stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-304A Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 253,139 CBM ($): 802,450
Function: Cooler for feed to third flash vessel (F-301).
Operation: Continuous
S-311 S-312A
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 22,481 22,481
Volumetric Flow (ft3/hr): 262,833 1,440
Component Flows (lb/hr):
O2 2 2
H2 0 0
N2 309 309
Ammonia 54 54
H2O 22,113 22,113
CO2 3 3
MPDA 0 0
3-methylpiperidine 0 0
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 887 100
Pressure (psi): 68 63
Vapor Fraction: 1 0.009
Design Data:
Q (Btu/hr): -32,862,364 Th,i (°F): 887.0
U0  (Btu/hr-ft
2-°F): 265.0 Th,o (°F): 100.0
U i (Btu/hr-ft
2-°F): 1053 T c,i (°F): 90.0
A0  (ft
2): 1411 Tc,o  (°F): 120.0
Material: Stainless Steel ΔTlm  (°F): 174.4
Utilities:
Cooling water (lb/hr): 1,099,120
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Floating head shell-and-tube
Item No.: HX-304B Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 88,414 CBM ($): 280,273
Function: Cooler for feed to third flash vessel (F-301).
Operation: Continuous
S-312A S-312
Hot In Hot Out
Materials Handled:
Total Flow (lb/hr): 22,481 22,481
Volumetric Flow (ft3/hr): 1,440 1,365
Component Flows (lb/hr):
O2 2 2
H2 0 0
N2 309 309
Ammonia 54 54
H2O 22,113 22,113
CO2 3 3
MPDA 0 0
3-methylpiperidine 0 0
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 100 32
Pressure (psi): 63 58
Vapor Fraction: 0.009 0.009
Design Data:
Q (Btu/hr): -1,752,229 Th,i (°F): 100.0
U0  (Btu/hr-ft
2-°F): 469.0 Th,o (°F): 32.0
U i (Btu/hr-ft
2-°F): 250 T c,i (°F): -14.0
A0  (ft
2): 242 Tc,o  (°F): -11.7
Material: Carbon Steel ΔTlm  (°F): 74.1
Utilities:
Refrigeration (ton/day): 47,967
Comments: Cold stream is on the shell side and hot stream is on the tube side.
Heat Exchanger
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Identification: Item: Neutralizer
Item No.: N-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 45,900 CBM ($): 142,736
Function: Neutralizes S-304 in buffer solution forming a salt and then a mixed solution.
Operation: Continuous
S-304 S-305
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 25,619 25,619
Volumetric Flow (ft3/hr): 496 556
Component Flows (lb/hr):
O2 0.2 0.2
H2 Trace 0
N2 0.002 0.002
Ammonia 54 54
H2O 22,113 22,113
CO2 0.4 0.4
MPDA 0.004 0.004
3-methylpiperidine 27 27
3-picoline 23 23
3-cyanopyridine 29 29
Niacinamide 3,372 3,372
Ammonium Nicotinate 0 0
Temperature (°F): 77 77
Pressure (psi): 20 15
Vapor Fraction: <0.001 <0.001
Design Data:
Material: Carbon Steel
Diameter (ft): 3.5
Length (ft): 14.2
Residence time (hr): 0.167
Volume (ft 3): 140
Utilities:
Comments: Modeled as vertical pressure vessel with turbine agitators
Neutralizer
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Identification: Item: Pump
Item No.: P-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 30,547 CBM ($): 100,806
Function: MPDA  feed pump.
Operation: Continuous
S-101 S-102
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,307 3,307
Volumetric Flow (ft3/hr): 54 54
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0
Ammonia 0 0
H2O 0 0
CO2 0 0
Niacinamide 0 0
MPDA 3,307 3,307
3-methylpiperidine 0 0
3-picoline 0 0
3-cyanopyridine 0 0
Ammonium Nicotinate 0 0
Temperature (°F): 77 77
Pressure (psi): 14.5 43.5
Vapor Fraction: 0 0
Design Data:
Flow Rate (gpm): 7.39
ΔP (psi): 29.0
Pump Head (ft): 68.2
Material: Cast Steel  
Speed: 3600 rpm
Pc (hp): 0.5
Efficiency: 0.296
Utilities:
Electricity (kW): 0.3
Comments: 
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-102 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 30,432 CBM ($): 100,426
Function: MPDA recycle stream pump.
Operation: Continuous
S-108 S-109
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 33 33
Volumetric Flow (ft3/hr): 0.7 0.7
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0
Ammonia Trace Trace
H2O 0 0
CO2 0 0
Niacinamide 0 0
MPDA 33 33
3-methylpiperidine 0.002 0.002
3-picoline 0 0
3-cyanopyridine 0 0
Ammonium Nicotinate 0 0
Temperature (°F): 379 380
Pressure (psi): 14.5 43.5
Vapor Fraction: <0.001 0
Design Data:
Flow Rate (gpm): 0.093
ΔP (psi): 29.0
Pump Head (ft): 67
Material: Cast Steel
Speed: 3600 rpm
Pc (hp): 0.125
Efficiency: 0.296
Utilities:
Electricity (kW): 0.003
Comments: 
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-103 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 41,844 CBM ($): 138,085
Function: Pump water into the ammonia absorption column
Operation: Continuous
S-116 S-117
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 1,200 1,200
Volumetric Flow (ft3/hr): 19 19
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0
Ammonia 0 0
H2O 1,200 1,200
CO2 0 0
Niacinamide 0 0
MPDA 0 0
3-methylpiperidine 0 0
3-picoline 0 0
3-cyanopyridine 0 0
Ammonium Nicotinate 0 0
Temperature (°F): 90 91
Pressure (psi): 15 170
Vapor Fraction: 0 0
Design Data:
Flow Rate (gpm): 2.67
ΔP (psi): 155.0
Pump Head (ft): 363
Material: Cast Steel
Speed: 3600 rpm
Pc (hp): 1
Efficiency: 0.296
Utilities:
Electricity (kW): 0.5
Comments: 
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-201 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 34,467 CBM ($): 113,740
Function: Pump liquid product from first CSTR to second CSTR
Operation: Continuous
S-210 S-211
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 5,647 5,647
Volumetric Flow (ft3/hr): 76 76
Component Flows (lb/hr):
O2 0.3 0.3
H2 0 0
N2 Trace Trace
Ammonia 0.8 0.8
H2O 2,196 2,196
CO2 0.3 0.3
Niacinamide 3,372 3,372
MPDA 0.002 0.002
3-methylpiperidine 26 26
3-picoline 23 23
3-cyanopyridine 29 29
Ammonium Nicotinate 0 0
Temperature (°F): 77 77
Pressure (psi): 14.6 29.6
Vapor Fraction: 0 0
Design Data:
Flow Rate (gpm): 10.5
ΔP (psi): 15.0
Pump Head (ft): 29.2
Material: Cast Steel
Speed:  3600 rpm
Pc (hp): 0.33
Efficiency: 0.296
Utilities:
Electricity (kW): 0.2
Comments: Similar to P-202
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-202 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 34,467 CBM ($): 113,740
Function: Pump liquid product from second CSTR to third CSTR
Operation: Continuous
S-217 S-218
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 5,647 5,647
Volumetric Flow (ft3/hr): 76 76
Component Flows (lb/hr):
O2 0.3 0.3
H2 0 0
N2 Trace Trace
Ammonia 0.8 0.8
H2O 2,196 2,196
CO2 0.3 0.3
Niacinamide 3,372 3,372
MPDA 0.002 0.002
3-methylpiperidine 26 26
3-picoline 23 23
3-cyanopyridine 29 29
Ammonium Nicotinate 0 0
Temperature (°F): 77 77
Pressure (psi): 15.1 30.1
Vapor Fraction: 0 0
Design Data:
Flow Rate (gpm): 10.5
ΔP (psi): 15.0
Pump Head (ft): 29.2
Material: Cast Steel
Speed: 3600 rpm
Pc (hp): 0.33
Efficiency: 0.296
Utilities:
Electricity (kW): 0.2
Comments: Similar to P-201
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-203 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 34,467 CBM ($): 113,740
Function: Pump liquid product from third CSTR to flash vessel
Operation: Continuous
S-224 S-225
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 5,647 5,647
Volumetric Flow (ft3/hr): 76 76
Component Flows (lb/hr):
O2 0.3 0.3
H2 0 0
N2 Trace Trace
Ammonia 0.8 0.8
H2O 2,196 2,196
CO2 0.3 0.3
Niacinamide 3,372 3,372
MPDA 0.002 0.002
3-methylpiperidine 26 26
3-picoline 23 23
3-cyanopyridine 29 29
Ammonium Nicotinate 0 0
Temperature (°F): 77 77
Pressure (psi): 15.6 45.6
Vapor Fraction: 0 0
Design Data:
Flow Rate (gpm): 10.5
ΔP (psi): 30.0
Pump Head (ft): 58.5
Material: Cast Steel
Speed: 3600 rpm
Pc (hp): 0.75
Efficiency: 0.296
Utilities:
Electricity (kW): 0.4
Comments: 
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-204 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 31,239 CBM ($): 103,088
Function: S-229 pump.
Operation: Continuous
S-229 S-230
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 5,650 5,650
Volumetric Flow (ft3/hr): 75 75
Component Flows (lb/hr):
O2 0.2 0.2
H2 0 0
N2 Trace Trace
Ammonia 0.08 0.08
H2O 2,198 2,198
CO2 0.3 0.3
Niacinamide 3,372 3,372
MPDA 0.002 0.002
3-methylpiperidine 27 27
3-picoline 23 23
3-cyanopyridine 29 29
Ammonium Nicotinate 29 29
Temperature (°F): 32 32
Pressure (psi): 15 45
Vapor Fraction: 0 0
Design Data:
Flow Rate (gpm): 10.3
ΔP (psi): 30.0
Pump Head (ft): 57.3
Material: Cast Steel
Speed: 3600 rpm
Pc (hp): 0.75
Efficiency: 0.296
Utilities:
Electricity (kW): 0.4
Comments: 
Centrifugal Pump
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Identification: Item: Pump
Item No.: P-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 36,541 CBM ($): 120,587
Function: S-305 pump.
Operation: Continuous
S-305 S-306
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 25,619 25,619
Volumetric Flow (ft3/hr): 556 400
Component Flows (lb/hr):
O2 0.02 0.02
H2 0 0
N2 0.002 0.002
Ammonia 54 54
H2O 22,113 22,113
CO2 0.4 0.4
Niacinamide 3,372 3,372
MPDA 0.002 0.002
3-methylpiperidine 28 28
3-picoline 23 23
3-cyanopyridine 29 29
Ammonium Nicotinate 0 0
Temperature (°F): 77 77
Pressure (psi): 15 40
Vapor Fraction: <0.001 0
Design Data:
Flow Rate (gpm): 54.8
ΔP (psi): 25.0
Pump Head (ft): 56.2
Material: Cast Steel
Speed: 3600 rpm
Pc (hp): 2
Efficiency: 0.44
Utilities:
Electricity (kW): 1.2
Comments: 
Centrifugal Pump
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Identification: Item: RSTOIC Reactor
Item No.: R-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 810,184 CBM ($): 2,568,283
Function: Converts MPDA feed to 3-methylpiperidine product
Operation: Continuous
S-105 S-106
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,340 3,340
Volumetric Flow (ft3/hr): 3,915 8,707
Component Flows (lb/hr):
O2 0 0
H2 0 0
N2 0 0
Ammonia Trace 485
H2O 0 0
CO2 0 0
MPDA 3,340 33
3-methylpiperidine 0.002 2,822
3-picoline 0 0
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 560 581
Pressure (psi): 72.5 71.6
Vapor Fraction: 1 1
Design Data:
Material: Stainless Steel
Number of Parallel Tubes: 15
Tube Diameter (in): 6.625
Tube Length (ft): 685.0
Shell Diameter (ft): 1.87
Heat Transfer Area (ft2): 17,800
Catalyst: HZSM-5
Utilities:
Cooling Water (lb/hr): 15,118
Comments: Cost as a fixed-head shell-and-tube heat exchanger in modules
Tubular Reactor
 
 
 
 
 
 
 
V. Process Design  Bains, Clark, Lowey, Soo  
 
 
107 
 
Identification: Item: RSTOIC Reactor
Item No.: R-102 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 30,713 CBM ($): 97,359
Function: Converts 3-methylpiperidine feed to 3-picoline product
Operation: Continuous
S-111 S-112
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 3,307 3,307
Volumetric Flow (ft3/hr): 15,136 76,860
Component Flows (lb/hr):
O2 0 0
H2 0 170
N2 0 0
Ammonia 485 485
H2O 0 0
CO2 0 0
MPDA 0.002 0.002
3-methylpiperidine 2,822 28
3-picoline 0 2,624
3-cyanopyridine 0 0
Niacinamide 0 0
Temperature (°F): 554 554
Pressure (psi): 62.5 42.2
Vapor Fraction: 1 1
Design Data:
Material: Stainless Steel
Number of Parallel Tubes: 40
Tube Diameter (in): 4.0
Tube Length (ft): 20.0
Shell Diameter (ft): 1.87
Heat Transfer Area (ft2): 838
Catalyst: Pd-SiO2/Al2O3
Utilities:
Dowtherm A (MMBTU/hr): 2.6
Dowtherm A (lb/hr): 10,408
Comments: Cost as a fixed-head shell-and-tube heat exchanger in modules
Packed-Bed Reactor
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Identification: Item: RSTOIC Reactor
Item No.: R-201 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 721,219 CBM ($): 2,286,265
Function: Converts 3-picoline feed to 3-cyanopyridine product
Operation: Continuous
S-203 S-204 S-205
Inlet Inlet (O2) Outlet
Materials Handled:
Total Flow (lb/hr): 4,314 1,481 5,795
Volumetric Flow (ft3/hr): 47,201 6,748 72,571
Component Flows (lb/hr):
O2 0 1,481 136
H2 Trace 0 0
N2 0 0 0.4
Ammonia 475 0 0.08
H2O 1,186 0 2,696
CO2 0 0 7
MPDA 0.002 0 0.002
3-methylpiperidine 28 0 28
3-picoline 2,624 0 24
3-cyanopyridine 0 0 2,904
Niacinamide 0 0 0
Temperature (°F): 626 77 626
Pressure (psi): 30 39.5 29.1
Vapor Fraction: 1 1 1
Design Data:
Material: Stainless Steel
Number of Parallel Tubes: 2,000
Tube Diameter (in): 1.8
Tube Length (ft): 42.0
Shell Diameter (ft): 1.87
Heat Transfer Area (ft2): 39,580
Catalyst:    V2O5, TiO2, ZrO2  in a 1:3:8 molar ratio and MoO3  as 1.15 wt% based on V2O5
Utilities:
Cooling Water (lb/hr): 196,694
Comments: Cost as a fixed-head shell-and-tube heat exchanger in modules
Tubular Reactor
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Identification: Item: RSTOIC Reactor
Item No.: R-202A,B,C Date: 4/10/13
No. Required: 3 By: JS/AC/PB/AL
Cp  ($): 268,719 CBM ($): 918,160*
Function: Converts feed 3-cyanopyridine to niacinamide product
Operation: Semi-continuous
S-206, 213, 220 S-207, 214, 221
Inlet Outlet
Materials Handled:
Total Flow (lb/hr): 5,795 5,795
Volumetric Flow (ft3/hr): 1,457 1,878
Component Flows (lb/hr):
O2 136 136
H2 0 0
N2 0.4 0.4
Ammonia 0.08 0.08
H2O 2,696 2,199
CO2 7 7
MPDA 0.002 0.002
3-methylpiperidine 28 28
3-picoline 24 24
3-cyanopyridine 2,904 29
Niacinamide 0 3,372
Temperature (°F): 77 77
Pressure (psi): 19.1 14.6
Vapor Fraction: 0.025 0.03
Design Data:
Material: Carbon Steel (SA-285 Grade C)
Stirrer Speed (rpm): 110
Volume (ft 3): 6,975
Diameter (ft) 13.6
Residence time per tank (hrs): 4
Catalyst: Immobilized R. rhodochrous J1 biocatalyst in polyacrylamide gels
Utilities:
Refrigeration (ton/day): 30,876
Comments: Three stirred tank reactors in series.
*Cost per tank, includes 2 impellers (turbines)
Stirred-Tank Reactors in Series
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Identification: Item: Floating Roof Storage Tank
Item No.: T-101 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 206,429 CBM ($): 629,609
Function: MPDA feed storage tank.
Operation: Continuous
S-101
Outlet
Materials Handled:
Total Flow (lb/hr): 3,307
Volumetric Flow (ft3/hr): 54
Component Flows (lb/hr):
O2 0
H2 0
N2 0
Ammonia 0
H2O 0
CO2 0
MPDA 3,307
3-methylpiperidine 0
3-picoline 0
3-cyanopyridine 0
Niacinamide 0
Temperature (°F): 77
Pressure (psi): 14.5
Vapor Fraction: 0
Design Data:
V (gallons): 77,000
τ (hr): 168.0
Type: Floating Roof
Material: Stainless Steel
Utilities:
Comments: 
Feed Storage Tank
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Identification: Item: Cone-roof storage tank
Item No.: T-301 Date: 4/10/13
No. Required: 1 By: JS/AC/PB/AL
Cp  ($): 104,337 CBM ($): 434,044
Function: Niacinamide product storage tank.
Operation: Continuous
S-316
Inlet
Materials Handled:
Total Flow (lb/hr): 3,453
Volumetric Flow (ft3/hr): 44
Component Flows (lb/hr):
O2 0
H2 0
N2 0
Ammonia 0
H2O 0
CO2 0.2
MPDA Trace
3-methylpiperidine 28
3-picoline 24
3-cyanopyridine 29
Niacinamide 3,372
Temperature (°F): 77
Pressure (psi): 14.5
Vapor Fraction: 0
Design Data:
V (gallons): 93,000
τ (hr): 168
Type: Cone-Roof
Material: Carbon Steel
Utilities:
Comments: 
Product Storage Tank
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E. EQUIPMENT COST SUMMARY 
The table below outlines all of the bare-module costs for the equipment used in this process. A majority 
of the purchase costs were found using ASPEN IPE, which used 2010 cost indices. The cost was updated 
to reflect 2013 cost indices before being added into the table. For most of the heat exchangers, 
compressors, blowers, neutralizer, and storage tanks, correlations present in Product and Process Design 
Principles were used to find the cost of the vessel. Purchase costs were then converted from the 2006 
values (CE=500) to 2013 values (CE=570). Sample calculations can be found in Appendix IX. The cost 
of the reactors and the decolorizing unit were found using correlations associated with the vessel size and 
standard equipment that closely modeled the units. To find the total cost of the equipment, the purchase 
cost was multiplied by the bare module factor. Equipment unit numbers marked with an asterisk indicate 
that the bare module cost is a combination of equipment with different bare module factors, and hence 
does not follow the purchase cost multiplied by bare-module factor formula. The bare-module factor, 
which includes allowances for cost of installation materials, installation labor, freight, taxes, insurance, 
construction overhead, and contractor engineering expenses, is specific to each type of equipment and 
may be found in Table 22.11 of Product and Process Design Principles. Total bare module cost for all of 
the equipment pieces is $34 million, which includes the cost for spare pumps for the process. 
Table E1. Equipment Cost Summary 
Equipment Cost Summary 
Unit # Equipment Type 
Costing 
Method 
Purchase 
Cost 
FBM 
 
CBM 
 
A-101 Absorber IPE 791,116 4.16 3,291,044 
A-102 Absorber IPE 548,989 4.16 2,283,795 
B-201 Blower Seider 2,555 2.15 5,492 
B-202 Blower Seider 2,304 2.15 4,954 
B-203 Blower Seider 2,828 2.15 6,080 
C-101 Compressor Seider 40,335 2.15 86,719 
C-102 Compressor Seider 94,138 2.15 202,397 
C-103 Compressor Seider 118,025 2.15 253,753 
C-301 Compressor Seider 1,084,345 2.15 2,331,342 
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Equipment Cost Summary (continued 1) 
Unit # Equipment Type 
Costing 
Method 
Purchase 
Cost 
FBM 
 
CBM 
 
D-101 Distillation Column IPE/Seider 967,255 4.16 4,023,779 
DC-301* Decolorizing Unit Correlations  38,089  4.16 149,787 
DR-301 Dryer Vendor  804,369 2.06 1,657,000 
F-201 Flash Vessel IPE 128,760 4.16 535,640 
F-301 Flash Vessel IPE 115,273 4.16 479,535 
HX-101 Heat Exchanger IPE 76,656 3.17 243,001 
HX-102 Heat Exchanger IPE 74,697 3.17 236,789 
HX-201 Heat Exchanger IPE 133,947 3.17 424,612 
HX-202A Heat Exchanger IPE 104,322 3.17 330,700 
HX-202B Heat Exchanger IPE 77,117 3.17 244,462 
HX-203 Heat Exchanger IPE 57,636 3.17 182,707 
HX-204 Heat Exchanger IPE 57,636 3.17 182,707 
HX-205 Heat Exchanger IPE 72,622 3.17 230,211 
HX-206 Heat Exchanger IPE 53,371 3.17 169,187 
HX-301 Heat Exchanger IPE 66,282 3.17 210,113 
HX-302 Heat Exchanger IPE 123,457 3.17 391,359 
HX-303 Heat Exchanger IPE 56,829 3.17 180,149 
HX-304A Heat Exchanger IPE 253,139 3.17 802,450 
HX-304B Heat Exchanger IPE 88,414 3.17 280,273 
N-301* Neutralizer Seider 45,900 4.16 142,736 
P-101 Pump Seider 30,547 3.30 100,806 
P-102 Pump Seider 30,432 3.30 100,426 
P-103 Pump Seider 41,844 3.30 138,085 
P-201 Pump Seider 34,467 3.30 113,740 
P-202 Pump Seider 34,467 3.30 113,740 
P-203 Pump Seider 34,467 3.30 113,740 
P-204 Pump Seider 31,239 3.30 103,088 
P-301 Pump Seider 36,541 3.30 120,587 
R-101 Tubular Reactor Correlations 810,184 3.17 2,568,283 
R-102 Packed Bed Reactor Correlations 30,713 3.17 97,359 
R-201 Tubular Reactor Correlations 721,219 3.17 2,286,265 
R-202A* Semi-continuous stirred tank reactor Correlations 268,719 3.17 918,160 
R-202B* Semi-continuous stirred tank reactor Correlations 268,719 3.17 918,160 
R-202C* Semi-continuous stirred tank reactor Correlations 268,719 3.17 918,160 
T-101 Storage Tank Seider 206,429 3.05 629,609 
T-301 Storage Tank Seider 104,337 4.16 434,044 
PS-101 Spare Pump IPE 30,547 3.30 100,806 
PS-102 Spare Pump IPE 30,432 3.30 100,426 
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Equipment Cost Summary (continued 2) 
Unit # Equipment Type 
Costing 
Method 
Purchase 
Cost 
FBM 
 
CBM 
 
PS-103 Spare Pump IPE 41,844 3.30 138,085 
PS-201 Spare Pump IPE 34,467 3.30 113,740 
PS-202 Spare Pump IPE 34,467 3.30 113,740 
PS-203 Spare Pump IPE 34,467 3.30 113,740 
PS-204 Spare Pump IPE 31,239 3.30 103,088 
PS-301 Spare Pump IPE 36,541 3.30 120,587 
    Total Bare-Module Cost $ 33,769,035 
 
F. FIXED-CAPITAL INVESTMENT SUMMARY 
The fixed costs for the plant stem from mostly the equipment costs, previously reported by unit in the 
equipment costs summary in Section E: Table E1.  Other factors that influence that total permanent 
investment are summarized in Table F1. The fixed capital investment, summarized in Table F2, details 
the capital investment required for the entire process. The direct permanent investment, CDPI is the sum of 
the total bare-module equipment costs, the site preparation costs, the service facilities costs and allocated 
costs. From table E1, the total Bare-Module Cost is $33,700,000, which includes the cost of storage tanks 
and process machinery and the spare pumps for the process.  
Table F1. Summary of Total Permanent Investment, TPI factors 
Cost of Site Preparations: 5% of Total Bare Module Costs
Cost of Service Facilities: 5% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities: $500,000
Cost of Contingencies and Contractor Fees: 18% of Direct Permanent Investment
Cost of Land: 2% of Total Depreciable Capital
Cost of Royalties: 2% of Total Depreciable Capital
Cost of Plant Start-Up: 10% of Total Depreciable Capital
 
 
The costs of site preparation and service facilities are estimated to be 5.00% of the total bare-module cost 
as recommended in Product and Process Design Principles. This estimate is considered conservative for 
most plant setups and locations. While some utilities are readily available onsite (for example the cooling 
water, steam, hot water) others like Dowtherm heating system and the refrigeration system are not; thus 
the allocated costs of $500,000 for utility plants and related facilities for the two heating and refrigeration 
V. Process Design  Bains, Clark, Lowey, Soo  
 
 
115 
systems will be set aside. As previously mentioned, the Dowtherm system was priced at around $700,000. 
However, the two refrigeration systems that will need to be put into the plant will be less expensive than 
this Dowtherm system. Therefore a rough estimate of $500,000 is used to cover the cost of these 
refrigeration units.  
The cost of contingencies and contractor fees, accounted for in the total depreciable capital, CTDC, at 18%, 
is a combination of a 15% allowance for direct permanent investment (DPI) for contingencies and a 3% 
allowance for contractor fees. Contingencies are estimated at 15% of the DPI because the technologies 
throughout the process are readily available, except for the biocatalyst present in the fourth reactor. 15% 
of the DPI allocated to contingencies is reasonable to cover any expenses associated with unplanned 
events. Allocating 2% of the TDC toward land is reasonable since this plant and the equipment is 
relatively available and should not have issues securing land in regions close to MPDA production for the 
feedstock. Additionally, 2% of the TDC is allocated to royalties, as recommended in Product and Process 
Design Principles because this process is based on a patent currently owned by Lonza. As for the startup 
costs, 10% is used because fuel for the Dowtherm is required as well as startup capital needed for MPDA 
storage at the plant. 
Listed below is the overall fixed capital investment summary, taking into account the above 
considerations. Table F2 outlines the total permanent investment. 
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Table F2. Summary of Fixed Capital Investment 
 
  
Investment Summary
Bare Module Costs
Fabricated Equipment 16,672,036$              
Process Machinery 3,794,948$               
Spares 904,211$                  
Storage 1,063,653$               
Other Equipment 8,747,659$               
Catalysts 2,586,528$               
Computers, Software, Etc. -$                        
Total Bare Module Costs: 33,769,035$             
Direct Permanent Investment
Cost of Site Preparations: 1,688,452$               
Cost of Service Facilities: 1,688,452$               
Allocated Costs for utility plants and related facilities: 500,000$                  
Direct Permanent Investment 37,645,938$             
Total Depreciable Capital
Cost of Contingencies & Contractor Fees 6,776,269$               
Total Depreciable Capital 44,422,207$             
Total Permanent Investment
Cost of Land: 888,444$                  
Cost of Royalties: 0$                          
Cost of Plant Start-Up: 4,442,221$               
Total Permanent Investment - Unadjusted 49,752,872$             
Site Factor 1.00
Total Permanent Investment 49,752,872$             
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G. OTHER IMPORTANT CONSIDERATIONS 
Environmental and Safety Considerations 
Given the nature of the project, environmental considerations are important to the overall sustainability of 
this process. Waste treatments and chemical leakage are two leading concerns. The waste products 
include CO2, a small amount of NOx, as well as the organic compounds left in the purge stream after 
leaving the dryer. The first two will be rectified using wet scrubbers at the exits of the streams. 
Additionally, although the amount of CO2 produced by the biocatalysts was  not determined due to 
insufficient data, wet scrubbers will be placed at the vents of each CSTR. Regeneration of the catalysts 
also produces CO2, which will be redirected to one of the wet scrubber units. Finally, the organic 
compounds in the wastewater will be treated at an off-site facility. 
The environmental impact of a chemical process can be quantified via the Waste Reduction (WAR) 
algorithm, made available by the U.S. Environmental Protection Agency (USEPA). The WAR algorithm 
utilizes life cycle analysis and investigates areas such as human toxicity, ozone depletion, global warming 
and terrestrial toxicity potentionals when calculating the overall potential environmental impact (PEI). 
The lower the PEI, the less impact the process has on the environment. The total rate of PEI leaving a 
system per hour is defined as Iout (Fermeglia et al, 2007). Using the WAR software downloaded from the 
EPA website, the authors attempted a preliminary environmental assessment to evaluate the Iout. Iout for 
the production of niacinamide was calculated to be 35 PEI/hr. When compared to other PEI values, all 
within the range of 35 to 160 PEI/hr, this process rates well, validating its overall sustainability 
(Fermeglia et al, 2007; Gangadharan et al, 2012; Seay and Gish, 2010). 
The high-pressure hydrogen system designed to vaporize the Dowtherm A is another point of caution. 
Given its high flammability potential upon leaking, extra care must be exercised when performing leak 
tests on this part of the process. In addition, leaks can be guarded against via welded joints and shut-off 
valves periodically placed within the piping. 
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The two most toxic chemicals in our process are Dowtherm A and ammonia. In both cases, stringent leak 
and purge tests will be performed prior to starting production. Moreover, control equipment including 
valves, feedback loops, and computer regulation will be used to monitor the Dowtherm A and ammonia 
content in the air surrounding relevant vessels and piping, to ensure safe working conditions for operators. 
Dust explosions and fires are a potential hazard with regard to the handling of niacinamide in powder 
form. Larger particles (greater than 50 µm) are desired to reduce the risk of explosions, as higher surface 
areas result in greater exposure to heat and oxygen and thus greater potential to ignite. To best assess the 
risk of explosion, the volume (electrical) resistivity of the powder should be measured. The lower the 
resistivity, the lower the risk of explosion (Lonza Plant Safety, 2012). 
Finally, transient operating conditions during startup and shutdowns may lead to undesirable and unsafe 
changes in process variables such as temperature and pressure, especially with regard to the Dowtherm A 
furnace and the exothermic tubular reactors. After startup, there is still the concern of high temperatures 
and possibly high pressures, but the safety issues associated with these are usually much less. To avoid 
issues such as thermal runaway, the process and controls will be closely monitored during startup and 
shutdown. Detailed process safety management plans will be disseminated throughout the plant for each 
process unit. Pressure and temperature controls as well as pressure-relief valves will be located 
throughout the process, including vaporizers and heat exchangers with large temperature changes.  
A quantitative analysis of the safety of the process and its chemicals may be performed using one of 
several methods, including the Dow Fire and Explosion Hazard Index, Hazard and Operability Analysis 
(HAZOP), and the Prototype Index of Inherent Safety (PIIS) (Gangadharan et al, 2012). 
Necessary personal protective equipment such as gloves, goggles, lab coats, face-masks and close-toe 
shoes will be required to prevent harm from contact with any of the organic compounds in the process, as 
most are corrosive and toxic if skin-contacted or inhaled. Please refer to the MSDS sheets in Appendix IX 
for further information. 
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Catalyst Regeneration 
Catalysts eventually become deactivated via various methods, the most common being carbon deposits 
(coking), sintering and poisoning. Coking is the main concern within this process. There are two main 
options for handling deactivated catalysts: discarding the catalyst completely and purchasing new catalyst 
each cycle, and regenerating the catalyst on-site every cycle. There are two further options associated 
with the latter. First, an extra reactor may be purchased to allow for continuous operation; while one 
reactor is being regenerated, the other remains running. Second, more commonly, the plant may be shut 
down as necessary to regenerate the catalyst periodically.  
To remain sustainable in this process, whenever possible it is desirable to regenerate the catalysts. Due to 
the low concentration of hydrocarbons in the process, the catalysts in the first and third reactors only 
require regeneration every six months, entailing on-site regeneration in the form of taking each reactor 
off-line and combusting off the coke. It was deemed too costly to buy an entire duplicate reactor solely 
for regeneration purposes. The entire regeneration process is estimated to take one day. Oxygen will be 
pumped through the reactor and combusted with the carbon, following the simple reaction:  
     C + O2  CO2      (7) 
Due to limited information from the patents, other literature references were sought to determine the 
required flow of oxygen assuming that carbon would account for 3% of the catalyst’s original mass 
(Trimm, 2001). Oxygen flow rates of 448 lbs/6 months and 21,048 lbs/6 month were calculated for the 
first and third reactors, respectively. 
Since the third reactor contains the precious metal Palladium, Pd, and also has an activation life of at least 
one year according to the Lonza patent, it will be removed and replaced with new catalyst once every year, 
again requiring a one day shutdown. However, according to one of our industrial consultants, Mr. Kolesar, 
we will be able to recover roughly 70% of the catalysts cost. Considering the Pd-SiO2/Al2O3 costs 
$783,000  to purchase, we will be able to recover $548,000 each year, yielding a net cost of $235,000 . 
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Finally, due to the nature of biocatalysts, once they have died they must be discarded and new ones 
purchased. We will renew the biocatalysts in reactor four once per year. All regenerations will be 
performed in conjunction with required safety and maintenance plant shutdowns to reduce the amount of 
off-line time for the plant. Refer to page 234 for Sample Calculations for catalyst regeneration.  
Startup Considerations 
There are several key issues to consider during start up. First, an inert gas must be run through the process 
to test for leaks. Controlled process variables such as temperature, pressure, inventory (material level in 
storage tanks), material composition, and flow are often not at their steady-state value during startup – 
extra caution must be exercised. Operation conditions may also need to be adjusted initially; for example, 
the exothermic tubular reactors may need to run at higher initial temperatures to yield the same 
conversion to obtain the appropriate product quality. Furthermore, bypass pipes may be needed until the 
desired steam compositions are reached for proper produce quality. Finally, units such as the distillation 
tower and flash vaporizers may initially need water or steam injected in until the correct operating 
conditions are reached. (Verwijs, 1995). Many of these considerations can be furthered specified after a 
pilot plant has been constructed. 
For the plant to run properly during initial startup as well as after any stop in niacin production for 
necessary maintenance or catalyst regeneration, the furnace for the Dowtherm system must have a feed 
stock other than the hydrogen produced in the process. To keep with the overarching theme of 
environmental cleanliness, the feed stock chosen will reduce emissions of “green-house” gases such as 
carbon monoxide and carbon dioxide. Natural gas, the conventional fuel of choice, was not chosen for 
this startup process due to its negative effects on the environment. The startup fuel chosen is renewable 
natural gas, a type of biogas upgraded to natural gas quality (BioSNG, 2007). Biogas is captured from the 
decomposition of organic material in places such as landfills, sewage treatment facilities, and farms 
(animal byproducts). Impurities such as carbon dioxide, water, and hydrogen sulfide are then removed 
from the raw biogas. Once upgraded, biogas may be substituted directly for natural gas (Alternative Fuels 
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Data Center, 2013). The cost for renewable natural gas is around $9.75-$11/MMBtu, adjusted for 2013 
prices (Rutledge, 2005). Though this up-production makes renewable natural gas more expensive than 
traditional natural gas, the environmental benefits further enhance the green nature of our process.     
Additionally, we will be shipping our supply of MPDA from Invista, a company located nearby the plant 
in Ontario. Given the volume we will require for storage, ISO containers will be used during shipping 
(Invista, 3). 
Finally, upon process startup, there will be a minimum delay of at least 12 hours to account for the four-
hour residence times for each CSTR. 
Purity Improvement 
To improve the purity of the niacinamide¸ a similar separation scheme utilized by Lonza’s plant in 
Guangzhou, China could be used, in which a toluene extraction unit is placed after the third reactor to 
retain and extract the 3-cyanopyridine that is produced in that reaction (ICIS.com, 1999). In doing so, the 
remainder of the materials are recycled back into the third reactor. This not only simplifies the separation 
later on in the synthesis, but also increases the rate of conversion of the previous products into 3-
cyanopyridine. This solution may then be distilled yielding a pure 3-cyanopyridine product and toluene, 
which can be recycled back into the extraction column. The timeline for this project did not allow for the 
investigation of this particular purification step; however, if this separation scheme were pursued further, 
not only would it increase the conversion of the other intermediates, but it would also increase the purity 
of the niacinamide after the final drying process, as there will be less organic compound impurities 
present in the niacinamide powder mixture. Although toluene is a toxic organic molecule that would make 
the process less green, it would operate in a closed loop such that only trace amounts of toluene would 
escape, limiting the waste released.  
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Schedule 
The plant is expected to operate 335 days per year, allowing 30 days of down time. The process must be 
shut down periodically to allow for safety inspections, maintenance, catalyst regeneration, and CSTR 
cleaning. The CSTRs must be taken off-line and given steam-in-place (SIP) treatments as well as clean-
in-place (CIP) treatments, which can be completed within one working day. To minimize the amount of 
off-line time, the catalyst regeneration and cleaning of the CSTRs will occur simultaneously (Wildy, 
2003).  
Miscellaneous 
To best prepare for issues outside of our control, several contingency plans will be implemented. Firstly, 
bypass lines will be built into the CSTR reactor set in the case that one reactor fails. Residence times will 
be adjusted accordingly. Secondly, pressure and temperature controls will dictate the maximum pressures 
and temperature differences allowed before safety systems are implemented. Once the process plant is 
built, it will be easier to identify possible problem areas and adjust accordingly. 
Due to the slurry mixtures involved in our process streams, it should be noted that to prevent clogs and 
pump failure, it is necessary to fit the pipes with filters. If further research into this process is desired, it is 
recommended that filters be included in the pressure drop calculations for equipment specifications. 
Solids complicate the flow within a process, and there must always be enough liquid to ensure proper 
flow through pipes and vessels. Accordingly, spare pumps (one for each size) will be stored onsite in the 
case of equipment failure. 
Lastly, it was proposed that the excess hydrogen in our process be used to power a fuel cell to generate 
electricity rather than fuel the Dowtherm system. However, the 2.5% impurities within the hydrogen 
stream are too high for a fuel cell membrane to function properly and efficiently. Although it would have 
increased the sustainability of our project, in the end it was not feasible.  
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H. ENERGY BALANCE AND UTILITY REQUIREMENTS 
Energy Balance 
This section illustrates the energy balance and necessary utility requirements of the niacinamide 
production plant. However, this section does not include a detailed description of the energy consumption 
or utility requirements of the dryer due to limited data. For this unit, a rough estimate has been made 
based on data found on other similar spray drying processes. In addition, the energy balance and utility 
requirements of the decolorizer and neutralizer in the process were not calculated and have been assumed 
to be negligible in the overall process. This production plant as a whole requires a 20 MMBTU/hr 
addition with a net electricity requirement of 2,321 HP. The unit number, equipment type, energy 
requirements, and possible methods to satisfy the energy requirement of the equipment are listed in the 
table below. The units are grouped according to number and method used to satisfy the energy 
requirements.  
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Table H1. Utility descriptions based on unit number. 
Unit # Equipment Type Energy Requirement 
Methods to Satisfy 
Energy Requirement 
B-201 Blower 2.3 HP Electricity 
B-202 Blower 2.0 HP Electricity 
B-203 Blower 2.6 HP Electricity 
C-101 Compressor 22.3 HP Electricity 
C-102 Compressor 73.7 HP Electricity 
C-103 Compressor 101.3 HP Electricity 
C-301 Compressor 2,112.3 HP Electricity 
P-101 Pump 0.4 HP Electricity 
P-102 Pump 0.005 HP Electricity 
P-103 Pump 0.7 HP Electricity 
P-201 Pump 0.3 HP Electricity 
P-202 Pump 0.3 HP Electricity 
P-203 Pump 0.6 HP Electricity 
P-204 Pump 0.6 HP Electricity 
P-301 Pump 1.7 HP Electricity 
    
A-102 Dowtherm Process -8 MMBTU/hr Hydrogen Fuel 
    
D-101 Condenser -6.9 MMBTU/hr Cooling Water 
HX-202A Heat Exchanger -4.4 MMBTU/hr Cooling Water 
HX-304A Heat Exchanger -33 MMBTU/hr Cooling Water 
R-101 Reactor -0.45 MMBTU/hr Cooling Water 
R-201 Reactor -5.9 MMBTU/hr Cooling Water 
    
A-101 Condenser -2.8 MMBTU/hr Suva Refrigeration 
A-102 Condenser -1.2 MMBTU/hr Ethylene Refrigeration 
HX-202B Heat Exchanger -0.95 MMBTU/hr Suva Refrigeration 
HX-203 Heat Exchanger -0.007 MMBTU/hr Suva Refrigeration 
HX-204 Heat Exchanger -0.006 MMBTU/hr Suva Refrigeration 
HX-205 Heat Exchanger -0.19 MMBTU/hr Suva Refrigeration 
HX-304B Heat Exchanger -1.7 MMBTU/hr Suva Refrigeration 
R-202A CSTR in Series Reactor -1.1 MMBTU/hr Suva Refrigeration 
    
HX-206 Heat Exchanger 0.22 MMBTU/hr Hot Water 
HX-301 Heat Exchanger 1.2 MMBTU/hr Hot Water 
    
A-101 Reboiler 1.7 MMBTU/hr Steam 
A-102 Reboiler 0.82 MMBTU/hr Steam 
D-101 Reboiler 6.4 MMBTU/hr Steam 
HX-302 Heat Exchanger 29 MMBTU/hr Steam 
HX-303 Heat Exchanger 0.002 MMBTU/hr Steam 
    
HX-101 Heat Exchanger 1.5 MMBTU/hr Dowtherm 
HX-102 Heat Exchanger 0.29 MMBTU/hr Dowtherm 
HX-201 Heat Exchanger 2.6 MMBTU/hr Dowtherm 
R-102 Packed Bed Reactor 2.6 MMBTU/hr Dowtherm 
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Utility Requirements 
In an attempt to reduce cost and increase plant efficiency, the utility requirements were integrated as 
much as possible throughout the process. By integrating available heat from the Dowtherm cycle into the 
heat exchangers and reactors that need a net input of heat, the utilities necessary from outside of the plant 
decrease significantly. The 8 MMBTU/hr available by burning the hydrogen created in the process can be 
used to heat the Dowtherm cycle and in turn be distributed to multiple heat exchangers and R-102 for 
heating. Since data was not available on the decolorizer and the neutralizer, and these vessels operate at 
room temperature and atmospheric pressure, these units have been again left out of the utility requirement 
calculations. 
Utilities are calculated based on the assumption that they can be purchased directly from utility 
companies in the plant region. Prices are estimated using Table 23.1 of Product and Process Design 
Principles with adjusted prices from 2006 (CE=500) to 2013 (CE=570). The prices were adjusted from 
the table accordingly. Outlined below are short descriptions of each utility required followed by tables 
illustrating the required energy according to units.  
Electricity  
The overall process requires 2,321 HP to pumps and compressors. Electricity is assumed to be available at 
a price of $0.068/kW-hr, adjusted for 2013. The infrastructure associated with electricity totals to around 
$942,900, or around 19% of the total cost for utilities.  
Cooling Water 
Cooling water is assumed to be used at an inlet pressure of 65 psi and inlet temperature of 90°F with an 
exit temperature of 120°F. This process requires 1,690,000 lb/hr of cooling water in total. This water is 
available for $0.0855/1,000 lb, as adjusted to reflect prices for 2013. 120°F reflects the maximum outlet 
temperature allowed for cooling water without further processing necessary. To work in the heat 
exchangers, a minimum temperature difference of 10° is used. Cooling water will cost $1,159,000 in 
utilities, accounting for 23% of the total cost.   
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Dowtherm  
Hydrogen created during the process will be separated out and account for the fuel necessary to heat the 
Dowtherm process. 8 MMBTU/hr is generated assuming a 99% conversion of the hydrogen. This heat 
will be transferred to the heat exchangers HX-101, HX-102, and HX-201 and reactor R-102. Dowtherm A 
was chosen for this process, which is a eutectic mixture of biphenyl and diphenyl oxide. An MSDS report 
for this chemical is presented in Appendix IX. The cost of this process is included as a whole in the 
utilities. Sample calculations for this system are present in the Appendix IX page 240.  
Refrigeration 
The coolant used for the refrigeration in the process was -15 °F cooling fluid. R-134a, also know from 
DuPont as Sura-134a, is used as the refrigerant due to its temperature range for the process, at the lowest 
temperature, -15 °F. This is the closest available refrigerant that meets the needs of process cooling. In 
accordance with green principles, this refrigerant does not propagate a flame under normal conditions and 
also shows no evidence of toxicity below 400 ppm, while also not depleting the ozone layer. For these 
calculations, the overall cost of refrigeration also includes the electricity needed to pump and cool the 
refrigerant. Appendix IX outlines the chart used to calculate the needed amount , per ton, of refrigeration. 
The MSDS for Sura-134a is given in Appendix IX. The refrigeration process used for A-102 at the 
condenser, however, needs to be at a lower temperature to achieve the desired separation. Ethylene is 
chosen for this process due to its low temperature range of -100 to -150°F; the condenser needs to be 
cooled from 90°F to a temperature of -117°F. Overall the process requires 220,800 ton-day of 
refrigeration. Both ethylene and R-134a are assumed to be taken from offsite refrigeration systems; the 
cost of these systems is incorporated into the overall cost per lb of the refrigerants. To refrigerate, the cost 
of cooling is $2.44 per ton-day for R-134a whereas the cost for ethylene refrigeration is $3.99 per ton-day. 
The total cost for refrigeration is $590,900, which is approximately 12% of the total utility cost. Please 
refer to page 239 for Refrigeration Power Requirements chart to calculate energy requirements.  
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Hot Water 
For two of the heat exchangers in the process, streams need to be heated to well below the operation 
temperatures of steam. Therefore, two streams for HX-206 and HX-301 of hot water are used as utilities, 
at 100F. This hot water accounts for 1,453,000 BTU/hr at a cost of $0.855 per lb, scaled to 2013 costing. 
This totals the annual cost to $8,300, which is around 0.2% of the total cost for utilities. 
Steam 
The steam selected for the heating of HX-108 and the reboiler of D-101 is used to vaporize the streams 
and increase the temperature. High pressure steam had to be used, with a saturation temperature of 450 
psig steam at 460°F, which is higher than any of the stream temperatures that use steam for heating. The 
heating value is assumed to be 1205 BTU/lb steam. The cost for steam is around $7.52/1,000 lbs, which 
would total to $1,900,000, or about 39% of the total utility costs. This accounts for the largest cost 
contribution for utilities in this process.   
Wastewater  
The wastewater streams generated in this process include mostly ammonia as contaminants. Because 
ammonia is listed as a toxin in water, the EPA has strict standards and regulations on what concentration 
ammonia is able to be released from chemical plants (Srinivasan et al., 2008). A packed bed air stripping 
unit must be added to remove the ammonia present in the wastewater stream. Therefore, costs were not 
calculated based on the weight of contaminant but instead based on the operating costs of an air stripping 
unit for the wastewater stream (Stocking, et al, 2000). In this unit, air is fed in large excess to remove 
ammonia from the water and usually adsorb into the packing material of the stripping unit (Lantec, 2004 
and Huang & Shang, 2006). EPA regulations specify that wastewater can have a maximum of 0.14 mg 
ammonia/L (200 ppm) (EPA Emergency Management, 2004). The overall cost is $239,065 for the first 
year to remove ammonia from the wastewater stream S-319. In subsequent years, the cost of this unit will 
only be upkeep. This is around 5% of the total cost of utilities. 
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Waste Gas 
Two streams may require treatment in the process. S-314 is the nitrogen purge from the nitrogen recycle 
stream. However, EPA regulations allow between 2 and 10 PPM ammonia as slip levels (US EPA, 2001 
and Phillips, 1995). In this process, ammonia appears as 87 PPM in the nitrogen purge stream. The only 
other components present are oxygen, water vapor, and small amount of hydrogen. Therefore this stream 
requires further processing before it can be vented to the atmosphere. The other stream, S-115, which 
would later result in the byproduct of burning hydrogen for the Dowtherm heating cycle, ammonia is 
theoretically in upwards of 35 PPM with carbon dioxide at 914 PPM. Depending on the operating 
conditions and the flow rate of the excess air in the process, NOx will also form in the process since air is 
added to burn the hydrogen feed. Although there are no regulations on carbon dioxide, ammonia and NOx 
byproducts must be removed from the stream. The best choice to clean both of these streams is a wet 
scrubber (Phillips, 1995  and Ohio EPA, 1993) which effectively removes NOx and ammonia from the 
waste gas stream. The overall cost of $80,000 is outlined in the table and is based on the cost of operation 
to remove NOx, ammonia, and pretreating costs before the streams can be introduced into the wet 
scrubber. These two units account for around 2% of the utility cost. 
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Table H2. Utility usage and costs by utility type. 
Electricity 
Unit # Usage (kW) Duty (HP) Cost ($/hr) Annual Cost ($) 
B-201 1.7 2.3 0.12 938 
B-202 1.5 2.0 0.10 819 
B-203 2.0 2.6 0.13 1,071 
C-101 16.5 22.3 1.13 9,068 
C-102 54.6 73.7 3.73 29,952 
C-103 75.0 101.3 5.13 41,153 
C-301 1,563.1 2,112.3 106.92 858,109 
P-101 0.3 0.4 0.02 156 
P-102 0.003 0.005 0.000 2 
P-103 0.5 0.7 0.04 302 
P-201 0.2 0.3 0.01 120 
P-202 0.2 0.3 0.01 114 
P-203 0.4 0.6 0.03 229 
P-204 0.4 0.6 0.03 224 
P-301 1.2 1.7 0.08 671 
Total 1,718 2,321 117.48 942,929 
 
 
Cooling Water 
Unit # Usage (lb/hr) Duty (BTU/hr) Cost ($/hr) Annual Cost ($) 
D-101 231,886 -6,933,102 19.83 159,125 
HX-202A 146,388 -4,376,827 12.52 100,455 
HX-304A 1,099,120 -32,862,379 93.97 754,242 
R-101 15,118 -452,000 1.29 10,374 
R-201 196,694 -5,880,900 16.82 134,976 
Total 1,689,205 -50,505,208 144.43 1,159,171 
 
 
 
 
 
Dowtherm A 
Unit # Duty (MMBTU/hr) Annual Cost ($) 
HX-101 1.468 -- 
HX-102 0.293 -- 
HX-201 2.600 -- 
R-102 2.602 -- 
Total 6.963 722,207 
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Refrigeration 
Unit # Usage (ton-day) Duty (BTU/hr) Cost ($/ton-day) Annual Cost ($) 
A-101 76,943 -2,810,700 2.44 187,710 
A-102 33,598 -1,227,340 3.99 134,058 
HX-202B 26,057 -951,843 2.44 63,568 
HX-203 199 -7,284 2.44 486 
HX-204 178 -6,495 2.44 434 
HX-205 5,064 -185,000 2.44 12,355 
HX-304B 47,967 -1,752,230 2.44 117,021 
R-202A 30,876 -1,127,900 2.44 75,326 
Total 220,883 -8,068,792 2.44 590,958 
 
Hot Water (100 F) 
Unit # Usage (lb/hr) Duty (BTU/hr) Cost ($/hr) Annual Cost ($) 
HX-206 185 223,000 0.16 1,270 
HX-301 1,021 1,230,000 0.87 7,005 
Total 1,206 1,453,000 1.03 8,275 
 
Steam (450 psi) 
Unit # Usage (lb/hr) Duty (BTU/hr) Cost ($/hr) Annual Cost ($) 
A-101 1,401 1,687,610 10.54 84,573 
A-102 682 821,359 5.13 41,162 
D-101 5,304 6,391,715 39.91 320,316 
HX-302 24,002 28,922,000 180.59 1,449,403 
HX-303 2 2,431 0.02 122 
Total 31,390 37,825,115 236.18 1,895,576 
 
Wastewater Treatment 
Stream Unit Cost ($) Cost ($/year) Annual Cost ($) 
S-319 125,000 114,065 239,065 
Total 125,000 114,065 239,065 
 
Wastegas Treatment 
Stream Unit Cost ($) Cost ($/year) Annual Cost ($) 
S-314 35,000 5,000 40,000 
S-115 35,000 5,000 40,000 
Total 70,000 10,000 80,000 
Total Utilities  $4,911,573 
Dowtherm System  $722,207 
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I. OPERATING COST AND ECONOMIC ANALYSIS 
The economic analysis is based on results calculated using the Profitability Analysis Spreadsheet 3.0 
provided by Seider et al., 2009. Table I.1 is a summary of an operating time-table and assumptions that 
are used to perform the analysis. An overall inflation rate of 2% is assumed.  
Table I.1. Summary of Economic Analysis Inputs 
 
 
General Information
Process Title: Green Process to Produce Niacin
Product: Niacinamide
Plant Site Location: Michigan
Site Factor: 1.00
Operating Hours per Year: 8026
Operating Days Per Year: 334
Operating Factor: 0.9162
Product Information
This Process will Yield
3,452 lb of Niacinamide per hour
82,836 lb of Niacinamide per day
27,701,739 lb of Niacinamide per year
Price $4.43 /lb
Chronology
Production Depreciation Product Price
Year Action Capacity 5 year MACRS
2013 Design 0.0%
2014 Construction 0.0%
2015 Production 45.0% 20.00% $4.43
2016 Production 67.5% 32.00% $4.52
2017 Production 90.0% 19.20% $4.61
2018 Production 90.0% 11.52% $4.70
2019 Production 90.0% 11.52% $4.80
2020 Production 90.0% 5.76% $4.89
2021 Production 90.0% $4.99
2022 Production 90.0% $5.09
2023 Production 90.0% $5.19
2024 Production 90.0% $5.30
2025 Production 90.0% $5.40
2026 Production 90.0% $5.51
2027 Production 90.0% $5.62
2028 Production 90.0% $5.73
2029 Production 90.0% $5.85
2030 Production 90.0% $5.96
2031 Production 90.0% $6.08
2032 Production 90.0% $6.21
Distribution of
Permanent Investment
100%
0%
0%
0%
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Operating Cost Summary  
Variable Costs 
Variable costs for the plant include raw materials, utilities, and other expenses. The variable cost does not 
include revenue from selling value-added byproducts since this process does not generate them. Other 
expenses include, but are not limited to, management incentives, administrative expenses, research and 
laboratory costs, and sales and marketing expenses. Also, since this process is based off a patent by Lonza, 
research must be done to improve the process and equipment. Direct research is then estimated at 4.8% of 
the sales cost and allocated research at 0.5%.  
MPDA is the primary raw material used in this process. Oxygen, nitrogen, and process water, which was 
also priced on a basis of one pound of niacinamide produced, are other necessary raw materials. MPDA is 
around $3.09 per pound, or $31 per tonne of liquid raw material. This price has included pipeline costs 
and any other transportation fees that may be associated with the MPDA. For each pound of niacinamide 
produced, 0.96 pounds of MPDA are required. As for oxygen and nitrogen, these will be brought to the 
plant on trailers which contain 20 MT. Assuming a cost of $200 per megaton with a 10% variable on the 
costing, which would include the storage tank, pump, and ambient vaporizer, 0.43 pounds of oxygen per 
pound of niacinamide is needed. The same process is true for nitrogen; this would come to the plant for 
$70/MT plus 10% variable cost. For every pound of product produced, 0.0090 pounds of nitrogen is 
needed. As for process water, 0.35 pounds of water are necessary for every pound of product. The process 
water comes at a cost of $0.75 per pound. 
Utilities are another concern in terms of the variable cost. This were discussed in a previous section titled 
Utilities and Energy Balances. All utility costs have been obtained from Product and Process Design 
Principles as mentioned below. Outlined in Table I.2 below is the total variable cost of the process. 
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Table I.2. Summary of Variable Cost 
 
Fixed Costs 
Fixed costs include those incurred by the process but are not based on the amount of product produced 
from the plant. These include salaries and benefits, overhead operation costs, insurance, taxing, and 
maintenance cost for the equipment and the plant itself. Table H3 below outlines the total fixed costs of 
the project. 
  
Variable Cost Summary
Variable Costs at 100% Capacity:
General Expenses
Selling / Transfer Expenses: 3,683,072$                    
Direct Research: 5,892,915$                    
Allocated Research: 613,845$                       
Administrative Expense: 2,455,381$                    
Management Incentive Compensation: 1,534,613$                    
Total General Expenses 14,179,828$                  
Raw Materials $2.96 per lb of Niacinamide $82,042,348
Byproducts $0 per lb of Niacinamide $0
Utilities $0.17 per lb of Niacinamide $4,590,451
Total Variable Costs 100,812,627$                
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Table I3. Summary of Fixed Cost 
 
 
 
Fixed Cost Summary
Operations
Direct Wages and Benefits 364,000$                 
Direct Salaries and Benefits 54,600$                   
Operating Supplies and Services 21,840$                   
Technical Assistance to Manufacturing -$                         
Control Laboratory -$                         
Total Operations 440,440$                 
Maintenance
Wages and Benefits 1,998,999$              
Salaries and Benefits 499,750$                 
Materials and Services 1,998,999$              
Maintenance Overhead 99,950$                   
Total Maintenance 4,597,698$              
Operating Overhead
General Plant Overhead: 207,132$                 
Mechanical Department Services: 70,016$                   
Employee Relations Department: 172,124$                 
Business Services: 215,884$                 
Total Operating Overhead 665,156$                 
Property Taxes and Insurance
Property Taxes and Insurance: 888,444$                 
Other Annual Expenses
Rental Fees (Office and Laboratory Space): -$                         
Licensing Fees: -$                         
Miscellaneous: -$                         
Total Other Annual Expenses -$                         
Total Fixed Costs 6,591,738$              
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Working Capital 
Working capital is the sum of cash reserves, inventory, and accounts receivable minus accounts payable. 
Accounts payable, accounts receivable, and cash reserves are all assumed to be 30 days’ worth. Seven 
days of MPDA, the raw material, is stored on site while two days’ worth of the product, niacinamide, is 
stored at the plant site as well. A summary of the working capital for the first three years of actual plant 
operation is given below. The total capital investment, based on previous assumptions and calculations, is 
around $54,105,000.  
Table I4. Summary of Working Capital 
 
Cash Flow and Profitability Analysis 
Profitability and feasibility of the project are based on several measures, including return on investment 
(ROI), investor’s return on investment (IRR), net present value (NPV), and the depreciation of the plant 
over the 20 year lifetime. As a base case, the plant has allocated 1 year for design, 1 year for construction, 
and 18 years of operating the plant. Based on this operation schedule, after the third production year, the 
ROI is 11.09% whereas the IRR is 16.82%, and the NPV, assuming 15% discount rate, is $4,932,800 at 
the end of the 20 year period. The table below summarized the cash flow sheet for the 20 year lifetime of 
the plant.  
 
 
Working Capital
2014 2015 2016
Accounts Receivable 4,540,774$              2,270,387$              2,270,387$                 
Cash Reserves 413,588$                 206,794$                 206,794$                    
Accounts Payable (3,204,227)$             (1,602,113)$             (1,602,113)$               
Niacinamide Inventory 302,718$                 151,359$                 151,359$                    
Raw Materials 708,037$                 354,018$                 354,018$                    
Total 2,760,890$              1,380,445$              1,380,445$                 
Present Value at 15% 2,400,774$              1,043,815$             907,665$                   
Total Capital Investment 54,105,125$            
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Table I6. Summary of Cash Flow 
Percentage of Product Depletion Cumulative Net 
Year Design Capacity Unit Price Sales Capital Costs Working Capital Var Costs Fixed Costs Total Costs Depreciation Allowance Taxible Income Taxes Net Earnings Cash Flow Present Value at 15%
2013 0% -              -               -                    -               -             -               -               -           -                    -            -               -              -                            
2014 0% -              (49,752,900)   (2,760,900)          -               -             -               -               -           -                    -            -               (52,513,761) (45,664,100)                
2015 45% $4.43 55,246,082   -               (1,380,400)          (45,365,700)   (6,591,738)  (51,957,420)   (8,884,400)    -           (5,595,780)         2,070,400  (3,525,341)    3,978,655    (42,655,700)                
2016 68% $4.52 84,526,505   -               (1,380,400)          (69,409,500)   (6,723,573)  (76,133,067)   (14,215,100)  -           (5,821,668)         2,154,000  (3,667,651)    9,167,010    (36,628,200)                
2017 90% $4.61 114,956,047 -               -                    (94,396,900)   (6,858,044)  (101,254,956) (8,529,100)    -           5,172,027          (1,913,700) 3,258,377     11,787,441  (29,888,700)                
2018 90% $4.70 117,255,168 -               -                    (96,284,800)   (6,995,205)  (103,280,055) (5,117,400)    -           8,857,674          (3,277,300) 5,580,335     10,697,773  (24,570,100)                
2019 90% $4.80 119,600,271 -               -                    (98,210,500)   (7,135,109)  (105,345,656) (5,117,400)    -           9,137,177          (3,380,800) 5,756,421     10,873,860  (19,869,000)                
2020 90% $4.89 121,992,277 -               -                    (100,174,800) (7,277,812)  (107,452,569) (2,558,700)    -           11,980,988        (4,433,000) 7,548,022     10,106,742  (16,069,500)                
2021 90% $4.99 124,432,122 -               -                    (102,178,300) (7,423,368)  (109,601,621) -               -           14,830,501        (5,487,300) 9,343,216     9,343,216    (13,015,200)                
2022 90% $5.09 126,920,765 -               -                    (104,221,800) (7,571,835)  (111,793,653) -               -           15,127,111        (5,597,000) 9,530,080     9,530,080    (10,306,100)                
2023 90% $5.19 129,459,180 -               -                    (106,306,300) (7,723,272)  (114,029,526) -               -           15,429,654        (5,709,000) 9,720,682     9,720,682    (7,903,300)                  
2024 90% $5.30 132,048,364 -               -                    (108,432,400) (7,877,737)  (116,310,117) -               -           15,738,247        (5,823,200) 9,915,095     9,915,095    (5,772,100)                  
2025 90% $5.40 134,689,331 -               -                    (110,601,000) (8,035,292)  (118,636,319) -               -           16,053,012        (5,939,600) 10,113,397   10,113,397  (3,881,900)                  
2026 90% $5.51 137,383,117 -               -                    (112,813,000) (8,195,998)  (121,009,046) -               -           16,374,072        (6,058,400) 10,315,665   10,315,665  (2,205,300)                  
2027 90% $5.62 140,130,780 -               -                    (115,069,300) (8,359,918)  (123,429,227) -               -           16,701,553        (6,179,600) 10,521,979   10,521,979  (718,200)                    
2028 90% $5.73 142,933,395 -               -                    (117,370,700) (8,527,116)  (125,897,811) -               -           17,035,584        (6,303,200) 10,732,418   10,732,418  600,700                     
2029 90% $5.85 145,792,063 -               -                    (119,718,100) (8,697,658)  (128,415,767) -               -           17,376,296        (6,429,200) 10,947,066   10,947,066  1,770,600                   
2030 90% $5.96 148,707,905 -               -                    (122,112,500) (8,871,612)  (130,984,083) -               -           17,723,822        (6,557,800) 11,166,008   11,166,008  2,808,200                   
2031 90% $6.08 151,682,063 -               -                    (124,554,700) (9,049,044)  (133,603,764) -               -           18,078,298        (6,689,000) 11,389,328   11,389,328  3,728,500                   
2032 90% $6.21 154,715,704 -               5,521,800           (127,045,800) (9,230,025)  (136,275,840) -               -           18,439,864        (6,822,700) 11,617,115   17,138,894  4,932,800                   
Cash Flow Summary
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J. SENSITIVITY ANALYSES 
After the base case for the process was determined, detailed analysis into the profitability of the plant as 
dependent on variables estimated in the overall NPV of the plant was completed. Many sensitivity 
analyses were performed to accurately predict how the plant’s value and capacity may change as a 
function of pricing.  
Product Price and Variable Costs 
The most important sensitivity analysis looks at the effect of varying the annual variable cost and the 
product price. The cost of niacinamide may vary slightly since the feedstock to this process is a byproduct 
of another manufacturing process: the production of nylon-6,6; therefore, a sensitivity analysis is 
conducted to determine how the results would change with price fluctuations of niacinamide. The cost of 
this feedstock was varied from $2.22 to $6.65 per pound, which is ± 50% of the input value for the 
estimated cost of bulk niacinamide. To account for variations in the total operating and variable costs 
associated with the plant, the variable cost is assumed to also be ± 50% of the input value. These prices 
both increase by 2% with inflation and the analysis is done for the first year of production only. The table 
following illustrates the IRR for these variable costs.  
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Table J.1. Sensitivity Analysis of IRR towards niacinamide Price and Variable Cost  
$50,406,314 $60,487,576 $70,568,839 $80,650,102 $90,731,365 $100,812,627 $110,893,890 $120,975,153 $131,056,416 $141,137,678 $151,218,941
$2.22 1.38% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$2.66 19.39% 5.82% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$3.10 31.05% 21.42% 9.23% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$3.55 40.94% 32.56% 23.31% 12.08% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$3.99 49.90% 42.19% 34.01% 25.08% 14.57% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$4.43 58.24% 50.96% 43.39% 35.40% 26.75% 16.82% 2.98% Negative IRR Negative IRR Negative IRR Negative IRR
$4.88 66.10% 59.15% 51.99% 44.56% 36.74% 28.34% 18.87% 6.60% Negative IRR Negative IRR Negative IRR
$5.32 73.58% 66.89% 60.04% 52.99% 45.68% 38.03% 29.86% 20.78% 9.56% Negative IRR Negative IRR
$5.76 80.75% 74.27% 67.66% 60.90% 53.96% 46.78% 39.28% 31.31% 22.56% 12.13% Negative IRR
$6.20 87.65% 81.35% 74.94% 68.42% 61.75% 54.91% 47.84% 40.48% 32.70% 24.24% 14.42%
$6.65 94.32% 88.17% 81.93% 75.60% 69.15% 62.57% 55.83% 48.88% 41.65% 34.04% 25.84%
Variable Costs
P
ro
d
u
ct
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As seen in the table, the current price of niacinamide can produce a positive IRR. However, as the cost of 
the variable costs increase, the IRR decreases with respect to a constant product price. Additionally as the 
cost of the product decreases, IRR becomes negative relatively quickly, assuming the variable cost 
calculated previously. This trends as expected for general chemical engineering process plants.  
Feedstock Price 
Feedstock prices for MPDA are based on the scaling of chemicals from specialty suppliers. Assuming that 
the cost is about 10 times less expensive than small quantities, the cost is $6.80 per pound of MPDA. 
However, due to fluctuations in the production of nylon-6,6 (where MPDA is a byproduct) the price of 
MPDA may change dependent on the current nylon-6,6 production market. To account for these changes, 
the price of MPDA was varied ±10% of the current projected cost. Outlined in the table below are the 
findings.  
Table J2. Summary of ROI and IRR for MPDA Price Changes 
MPDA Price ($/lb) 2.03 2.25 2.50 2.78 3.09 3.40 3.74 4.11 4.53 4.98
IRR 40.97% 36.47% 31.20% 24.86% 16.82% 6.31% Negative Negative Negative Negative
ROI 40.04% 34.04% 27.29% 19.68% 11.09% 2.36% -7.42% -18.40% -30.74% -44.65%   
As evident by the deviation from the projected price of MPDA chart, if the cost of MPDA increases by 
more than 20% the current cost, this process will have a negative return on the investment, making it an 
undesirable process to invest in. However, if the cost of MPDA decreases, the return on investment 
increases by almost ten percent as the cost of the feedstock decreases by ten percent. Close to the 
“breaking even” point for this process is a fifteen percent increase from the current calculated price for 
MPDA. Here, the cost IRR and ROI are very close to 0% for both. 
Based on this analysis, this project is highly sensitive to the feedstock prices for MPDA , due in part 
because MPDA is generally the most expensive and the only large-scale feedstock needed for the process 
to producing niacinamide.  
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Inflation Rate 
The inflation rate used for the previous base case calculations was determined using predictions for the 
next few years. Since this project continues for 20 years, though, the inflation rate may change year to 
year. If this changes, the overall IRR, ROI, and NPV will change accordingly due to the increase in the 
cost of the plant and the feedstock. Yet at the same time the selling price of the product will also increase. 
Below is a table that summarizes the overall IRR, ROI, and NPV that occurs when the inflation rate of the 
total system changes.  
Table J3. Summary of ROI, IRR, and NPV for Inflation Rate Changes 
 
 
Currently, the inflation rate was selected to be 2%. When the inflation rate decreases, however, the overall 
NPV and rate of returns decrease. When the inflation rate is increased, the net present value and rate of 
return on the investment increases. This trend appears because the value of the equipment purchased 
increases as the years progress; therefore, over a longer period of time, the net present value of the 
process would be greater with a greater inflation rate due to the net worth of the equipment present in the 
process. The return of investment changes by 0.3% when the inflation rate changes by a percent in either 
direction. Although the ROI doesn’t change significantly between the inflation rates, the NPV does 
change drastically, increasing as the inflation rate increases. With this, it is evident that the ROI, IRR, and 
NPV of the process is significantly dependent on the inflation rate of the entire system. 
MPDA to Niacinamide Ratio 
Currently, the percent conversion the authors have used are very ideal estimates. In this case, the yield per 
pound of MPDA will change with a decrease in the conversion of each reaction vessel. To account for 
this, a sensitivity analysis of the pound MPDA versus pound niacinamide was analyzed. The table below 
illustrates the drastic effects that MPDA has on the overall IRR, ROI, and NPV of the process. 
Inflation Rate (%) 0 1 2 3 4 5 6
IRR 15.04% 15.93% 16.82% 17.71% 18.61% 19.52% 20.42%
ROI 10.49% 10.79% 11.09% 11.40% 11.71% 12.03% 12.34%
NPV 92,600$            2,413,200$        4,932,800$ 7,671,200$      10,650,500$     13,895,000$     17,431,600$      
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 Table J4. Summary of lb MPDA vs. lb Niacinamide 
lb MPDA/lb Niacinamide 0.958 1.054 1.159 1.275
IRR 16.82% 6.31% Negative IRR Negative IRR
ROI 11.09% 2.36% -7.42% -18.40%
NPV 4,932,800$     (19,717,000)$    (46,831,800)$    (76,658,100)$     
Based on these calculations, the amount of MPDA per pound of niacinamide greatly influences the ROI, 
IRR, and NPV. If the process as a whole is decreased just 10%, the NPV becomes negative after 20 years 
rather than a positive as seen with the current calculations. Therefore the calculations made previously in 
the process, wherein the reactors had very large conversion rates, would significantly affect the IRR, ROI, 
and NPV of the entire process if conversions of these magnitude could not be reached.  
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Overall, the base-case design for the production of niacinamide from MPDA, a byproduct of nylon-6,6 
manufacturing, was designed, analyzed, and priced under a variety of economic considerations. The entire 
system provides a green process to producing niacinamide in relatively high purity, around 97.7%. After 
analyzing the base-case design and economic analysis of this process, it has been found that this venture 
will be profitable within 14 years, with an ROI of 11.09% and an IRR of 16.82% after the third year. The  
NPV after 20 years is $4,932,800. Since the NPV is positive when taken to have a 20 year lifetime, it may 
be a profitable investment if investors do not require an immediate return on the investment. However, 
since there are more pieces of equipment and research to be done to provide niacinamide that is of 
competitive purity, it may be unwise to continue investing time and money to pursue this process, unless 
the capital investment available is relatively large.  
If the process were to be built upon and improved, the return on investment may outweigh the cost of the 
initial investment. With an increased purity, and therefore an increased selling price for niacinamide, the 
process would yield a better return on the initial investment earlier in the project lifetime. Also due to the 
increases in federal regulations over the past few years, it is difficult to predict what future regulations 
may entail. Regulations for water and air quality will increase, leading to issues surrounding the possible 
leakage of harsh, carcinogenic chemicals produced as intermediates in previous pathways to niacinamide 
production. In this case an increase in regulations would benefit this process, favoring it over the 
conventional production process. Since the process requires very little toxic intermediates and relatively 
simple exhaust gas and waste water clean-up, federal regulations would make other less environmentally 
friendly processes more costly because of increased costs in cleaning streams.   
The significant obstacle to commercialization of this process is the large capital investment. In reference 
to the Lonza process, this company is able to afford this new technology because they have already 
captured a market for niacinamide, being the world’s leading producer of niacin. In addition, around 2005 
the relationship between this company and China was relatively good. They seized the opportunity to 
create a process that would use government incentives and regulations to benefit the overall process 
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design and cost. However, if no infrastructure has been developed beforehand, this project would be an 
extremely risky investment venture.  
Without the variable costs and large degree of necessary heat integration, the process may have been most 
cost effective. If the process was able to use less equipment and utilities, the overall cost of the process 
may yield better returns on investment since the general idea not only decreases the amount of CO and 
CO2 emitted to the atmosphere, but it also eliminates harmful chemicals that are considered carcinogens. 
To increase the yield and purity of this product, more distillation columns, extraction units, and separation 
processes must be implemented. After the 14 years it takes to gain a return on the investment, the 
technology available for the production of niacinamide will also have changed drastically. This makes 
analyzing the profitability and lifetime of the plant difficult. 
This process is not recommended for continued design research. In 1999, Lonza ventured to set up its first 
niacinamide production plant in China because the North American and European markets for nicotinates 
were "saturated" (Tremblay, 1999).  At that time the Southeast Asian market was expected to grow 8 to 
10% annually (Tremblay, 1999). However, in the past ten years, a great number of production plants, 
especially in India, have emerged, utilizing a different green process to niacin production. This would 
further saturate the market making it more difficult to design a process where the technology may already 
be outdated. As seen in Table J4, the relatively low return on investment, the potentially large fluctuations 
in the cost of MPDA and subsequent decrease in return, and the impedingly large amount of capital are all 
unfavorable to a new company. The technology used in this process may already be surpassed by another 
technology not yet commercially available, especially due to the biocatalyst present in the system. In 
conclusion, it has been determined that this process is better than the classical method of niacin 
production using permanganate, chromic acid, and other metal oxides. However, it is not recommended to 
use this process for a company that does not already have a portion of the niacin market.   
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A. PROBLEM STATEMENT 
A Green Process to Produce Niacin 
(Recommended by Leonard A. Fabiano, U. Penn)  
 
The co-enzyme nicotinamide-adenine (NAD) and co-enzyme nicotinamide-adenine dinucleotide 
phosphate (NADP) are required by all living cells. They enable both the conversion of carbohydrates into 
energy and the metabolism of proteins and fats. Both nicotinamide and nicotinic acid (niacin) are building 
blocks for these co-enzymes. Niacin, the common name for a vitamin, supplements the intake of nicotinic 
acid in foodstuffs. Although the latter is found naturally in wheat, yeast, pork, and beef liver, synthetic 
niacin production has increased worldwide to significantly decrease deaths due to the vitamin deficiency 
disease, pellagra.  
 
Your design team represents an engineering consulting firm that has been engaged by a potential producer 
of niacin. They are estimating the capital and production costs of several processes that incorporate the 
Lonza process to produce nicotinic acid, which involves the direct air oxidation of picoline, whose "green 
chemistry" is more environmentally safe for the processing plant and its surrounding area.  
 
Reference 1 describes the methods used to produce niacin using the Lonza process. Together with the 
patent in reference 2, this will provide the background your team will need to begin its design. Additional 
information is provided in the references cited therein.  
 
The following definition of a green process is included in [1]:  
 
"We cannot agree that the acceptability of a process is governed solely by its cost. An economic process 
is not necessarily green, especially if waste treatment is ignored or neglected. An industrial process may 
contravene one or more green principles, and yet still make money, even if complex waste treatment adds 
to the costs and diminishes economic viability. But, the cost of energy today is extremely low, 
considering the fact that our present utilizable energy resources are limited. Thus, for a given product, the 
following guidelines should govern the choice of route:  
 
Choice of feedstock (costs are relevant of course, but also total resources, energy, waste, etc., in the 
manufacture of the given feedstock are important factors)  
Choice of reaction path (minimize energy requirements by use of selective catalysts).  
Choice of catalyst (efficiency, separation from product, recycling of catalyst).  
Downstream processing/unit operations (minimizing the number of stages necessary to obtain the product 
in the state desired by the customer).  
Minimizing not only the amount of pollutants, but also the volume of waste streams (effluent off-gases 
and solid waste).  
Recycling of auxiliary, side, and intermediate products into the process."  
 
Your mission will include, but will not be limited to:  
 
Determining the world market for niacin and the current production capacity worldwide.  
Determining the selling price of niacin to consumers. 
Based on worldwide production capacity and market consumption, deciding on the likely economic 
production rate. For new entries to many markets, care must be taken not to overload the markets, hurting 
the potential for market-share capture. A value of 5-10% increase is a typical target. Can your team 
determine otherwise?  
Designing a facility and estimating capital and operating costs. Is there another capacity that would be 
more economical? Would your team propose a larger capacity to achieve these results? If so, on what 
basis?  
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Starting with a simplified process flow-sheet, are there processing improvements that you can develop?  
Be certain that your final process is "green" – compared to existing processes.  
 
References 
 
Chuck, R., "A Catalytic Green Process for the Production of Niacin" – see WDS for a copy of the 
unpublished paper.  
 
Heveling et al., U. S. Patent 5,719,045, "Process for Preparing Nicotamide," Feb. 17,1998 – see WDS for 
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ASPEN Simulation Results: 
ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/27/2013  PAGE 1    
                              NIACIN PRODUCTION                                  
                              RUN CONTROL SECTION                                
 
 RUN CONTROL INFORMATION                  
 ----------------------- 
 
 THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN         
 
 TYPE OF RUN: NEW  
 
 INPUT FILE NAME: _3810jxn.inm 
 
 OUTPUT PROBLEM DATA FILE NAME: _3810jxn  
 LOCATED IN:                     
 
 
 PDF SIZE USED FOR INPUT TRANSLATION: 
   NUMBER OF FILE RECORDS (PSIZE) =     0 
   NUMBER OF IN-CORE RECORDS      =   256 
 PSIZE NEEDED FOR SIMULATION    =   256 
 
 CALLING PROGRAM NAME:          apmain   
 LOCATED IN:                    C:\PROGRA~2\ASPENT~1\ASPENP~2.3\Engine\xeq 
 
 SIMULATION REQUESTED FOR ENTIRE FLOWSHEET 
 
 DESCRIPTION                              
 ----------- 
 
        General Simulation with Metric Units : C, bar, kg/hr, kmol/hr,       
        Gcal/hr, cum/hr. Property Method: None Flow basis for input: Mole    
        Stream report composition: Mole flow                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/27/2013  PAGE 2    
                              NIACIN PRODUCTION                                  
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY STREAMS        
 --------------------------------- 
 
   STREAM     SOURCE     DEST           STREAM     SOURCE     DEST 
   S-204      ----       R-201          S-308      ----       HX-303   
   S-101      ----       P-101          S-116      ----       P-103    
   S-104      HX-101     C-101          S-106      R-101      D-101    
   S-112      R-102      A-101          S-205      R-201      HX-202A  
   S-207      R-202A     SEP-201        S-309      HX-303     DR-301   
   S-301      M-301      HX-301         S-305      N-301      P-301    
   S-313      F-301      SP-302         S-317      F-301      SP-301   
   S-310      DR-301     C-301          S-316      DR-301     ----     
   S-315      SP-302     DR-301         S-314      SP-302     ----     
   S-105      C-101      R-101          S-304      DC-301     N-301    
   S-303      DC-301     N-301          S-302      HX-301     DC-301   
   S-206A     HX-202A    HX-202B        S-110      C-102      HX-102   
   S-319      SP-301     ----           S-318      SP-301     M-301    
   S-307      HX-302     DR-301         S-311      C-301      HX-304A  
   S-227      HX-205     F-201          S-102      P-101      M-101    
   S-312A     HX-304A    HX-304B        S-109      P-102      M-101    
   S-103      M-101      HX-101         S-230      P-204      HX-206   
   S-306      P-301      HX-302         S-111      HX-102     R-102    
   S-203      HX-201     R-201          S-208      SEP-201    B-201    
   S-210      SEP-201    P-201          S-211      P-201      M-202    
   S-212      M-202      HX-203         S-214      R-202B     SEP-202  
   S-221      R-202C     SEP-203        S-222      SEP-203    B-203    
   S-224      SEP-203    P-203          S-215      SEP-202    B-202    
   S-217      SEP-202    P-202          S-219      M-203      HX-204   
   S-226      M-204      HX-205         S-218      P-202      M-203    
   S-225      P-203      M-204          S-209      B-201      M-202    
   S-216      B-202      M-203          S-223      B-203      M-204    
   S-213      HX-203     R-202B         S-220      HX-204     R-202C   
   S-228      F-201      ----           S-229      F-201      P-204    
   S-113      A-101      C-103          S-119      A-101      M-201    
   S-115      A-102      ----           S-118      A-102      SP-201   
   S-114      C-103      A-102          S-202      SP-201     M-201    
   S-201      SP-201     M-301          S-231      HX-206     M-301    
   S-117      P-103      A-102          S-206      HX-202B    R-202A   
   S-312      HX-304B    F-301          S-107      D-101      C-102    
   S-108      D-101      P-102          S-203A     M-201      HX-201   
 
 FLOWSHEET CONNECTIVITY BY BLOCKS         
 -------------------------------- 
 
   BLOCK        INLETS                         OUTLETS 
   HX-101       S-103                          S-104                        
   R-101        S-105                          S-106                        
   R-102        S-111                          S-112                        
   R-201        S-203 S-204                    S-205                        
   R-202A       S-206                          S-207                        
   HX-303       S-308                          S-309                        
   M-301        S-231 S-318 S-201              S-301                        
   N-301        S-304 S-303                    S-305                        
   F-301        S-312                          S-313 S-317                  
   DR-301       S-309 S-315 S-307              S-310 S-316                  
   SP-302       S-313                          S-315 S-314                  
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                              NIACIN PRODUCTION                                  
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY BLOCKS (CONTINUED)         
   C-101        S-104                          S-105                        
   DC-301       S-302                          S-304 S-303                  
   HX-301       S-301                          S-302                        
   HX-202A      S-205                          S-206A                       
   C-102        S-107                          S-110                        
   SP-301       S-317                          S-319 S-318                  
   HX-302       S-306                          S-307                        
   C-301        S-310                          S-311                        
   HX-205       S-226                          S-227                        
   P-101        S-101                          S-102                        
   HX-304A      S-311                          S-312A                       
   P-102        S-108                          S-109                        
   M-101        S-102 S-109                    S-103                        
   P-204        S-229                          S-230                        
   P-301        S-305                          S-306                        
   HX-102       S-110                          S-111                        
   HX-201       S-203A                         S-203                        
   SEP-201      S-207                          S-208 S-210                  
   P-201        S-210                          S-211                        
   M-202        S-209 S-211                    S-212                        
   R-202B       S-213                          S-214                        
   R-202C       S-220                          S-221                        
   SEP-203      S-221                          S-222 S-224                  
   SEP-202      S-214                          S-215 S-217                  
   M-203        S-216 S-218                    S-219                        
   M-204        S-223 S-225                    S-226                        
   P-202        S-217                          S-218                        
   P-203        S-224                          S-225                        
   B-201        S-208                          S-209                        
   B-202        S-215                          S-216                        
   B-203        S-222                          S-223                        
   HX-203       S-212                          S-213                        
   HX-204       S-219                          S-220                        
   F-201        S-227                          S-228 S-229                  
   A-101        S-112                          S-113 S-119                  
   A-102        S-114 S-117                    S-115 S-118                  
   C-103        S-113                          S-114                        
   SP-201       S-118                          S-202 S-201                  
   HX-206       S-230                          S-231                        
   P-103        S-116                          S-117                        
   HX-202B      S-206A                         S-206                        
   HX-304B      S-312A                         S-312                        
   D-101        S-106                          S-107 S-108                  
   M-201        S-119 S-202                    S-203A                       
 
 CONVERGENCE STATUS SUMMARY               
 -------------------------- 
 
   TEAR STREAM SUMMARY 
   =================== 
 
 
   STREAM    MAXIMUM                   MAXIMUM     VARIABLE             CONV 
   ID        ERROR        TOLERANCE    ERR/TOL     ID             STAT  BLOCK 
   ------    -------      ---------    --------    --------       ----  ----- 
   S-108     0.13483E-27  0.14781E-27  0.91223     AMMONIA MOLEFLOW #   $OLVER01                                                                                  
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                              NIACIN PRODUCTION                                  
                               FLOWSHEET SECTION                                 
 
 CONVERGENCE STATUS SUMMARY (CONTINUED)               
   S-317     0.19002E-13  0.39649E-08  0.47926E-05 AMMONIA MOLEFLOW #   $OLVER02                                                                                  
   S-313     0.14073E-13  0.14163E-13  0.99363     WATER MOLEFLOW   #   $OLVER02                                                                                  
 
   #  = CONVERGED 
   *  = NOT CONVERGED 
 
 CONVERGENCE BLOCK:  $OLVER01             
 ---------------------------- 
     Tear Stream  :  S-108 
     Tolerance used:  0.100D-04  
     Trace molefrac:  0.100D-06  
     Trace substr-2:  0.100D-06  
  
     MAXIT=   50 WAIT   1 ITERATIONS BEFORE ACCELERATING 
     QMAX =   0.0     QMIN =  -5.0     
     METHOD: WEGSTEIN      STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:     4 
 
                          *** FINAL VALUES *** 
 
VAR#  TEAR STREAM VAR  STREAM   SUBSTREA COMPONEN ATTRIBUT ELEMENT      UNIT         VALUE       PREV VALUE       ERR/TOL 
----  ---------------  -------- -------- -------- -------- -------- ----------- ------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-108    MIXED                               LBMOL/HR        0.2875         0.2875     -1.1589-06       
   2  TOTAL MOLEFLOW   S-108    CIPSD                               LBMOL/HR        0.0            0.0            0.0          
   3  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC1                   MISSING        MISSING         0.0          
   4  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC2                   MISSING        MISSING         0.0          
   5  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC3                   MISSING        MISSING         0.0          
   6  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC4                   MISSING        MISSING         0.0          
   7  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC5                   MISSING        MISSING         0.0          
   8  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC6                   MISSING        MISSING         0.0          
   9  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC7                   MISSING        MISSING         0.0          
  10  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC8                   MISSING        MISSING         0.0          
  11  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC9                   MISSING        MISSING         0.0          
  12  SUBS-ATTR-VA     S-108    CIPSD             PSD      FRAC10                  MISSING        MISSING         0.0          
  13  MOLE-FLOW        S-108    MIXED    OXYGEN                     LBMOL/HR        0.0            0.0            0.0          
  14  MOLE-FLOW        S-108    MIXED    HYDROGEN                   LBMOL/HR        0.0            0.0            0.0          
  15  MOLE-FLOW        S-108    MIXED    NITROGEN                   LBMOL/HR        0.0            0.0            0.0          
  16  MOLE-FLOW        S-108    MIXED    AMMONIA                    LBMOL/HR     1.1731-19      1.1731-19        -0.9122       
  17  MOLE-FLOW        S-108    MIXED    WATER                      LBMOL/HR        0.0            0.0            0.0          
  18  MOLE-FLOW        S-108    MIXED    CARBO-01                   LBMOL/HR        0.0            0.0            0.0          
  19  MOLE-FLOW        S-108    MIXED    NIACINAM                   LBMOL/HR        0.0            0.0            0.0          
  20  MOLE-FLOW        S-108    MIXED    METDIAMI                   LBMOL/HR        0.2874         0.2874      7.6523-05       
  21  MOLE-FLOW        S-108    MIXED    METHYLPI                   LBMOL/HR     3.1607-05      3.1607-05        -0.7064       
  22  MOLE-FLOW        S-108    MIXED    3-MET-01                   LBMOL/HR        0.0            0.0            0.0          
  23  MOLE-FLOW        S-108    MIXED    NICOT-01                   LBMOL/HR        0.0            0.0            0.0          
  24  MOLE-FLOW        S-108    MIXED    AMMONICO                   LBMOL/HR        0.0            0.0            0.0          
  25  PRESSURE         S-108    MIXED                               PSIA           20.5459        20.5459         0.0          
  26  MASS ENTHALPY    S-108    MIXED                               BTU/LB       -412.7500      -412.7500      1.7247-05       
  27  MOLE-FLOW        S-108    CIPSD    OXYGEN                     LBMOL/HR        0.0            0.0            0.0          
  28  MOLE-FLOW        S-108    CIPSD    HYDROGEN                   LBMOL/HR        0.0            0.0            0.0          
  29  MOLE-FLOW        S-108    CIPSD    NITROGEN                   LBMOL/HR        0.0            0.0            0.0          
  30  MOLE-FLOW        S-108    CIPSD    AMMONIA                    LBMOL/HR        0.0            0.0            0.0          
  31  MOLE-FLOW        S-108    CIPSD    WATER                      LBMOL/HR        0.0            0.0            0.0          
  32  MOLE-FLOW        S-108    CIPSD    CARBO-01                   LBMOL/HR        0.0            0.0            0.0          
  33  MOLE-FLOW        S-108    CIPSD    NIACINAM                   LBMOL/HR        0.0            0.0            0.0          
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 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
  34  MOLE-FLOW        S-108    CIPSD    METDIAMI                   LBMOL/HR        0.0            0.0            0.0          
  35  MOLE-FLOW        S-108    CIPSD    METHYLPI                   LBMOL/HR        0.0            0.0            0.0          
  36  MOLE-FLOW        S-108    CIPSD    3-MET-01                   LBMOL/HR        0.0            0.0            0.0          
  37  MOLE-FLOW        S-108    CIPSD    NICOT-01                   LBMOL/HR        0.0            0.0            0.0          
  38  MOLE-FLOW        S-108    CIPSD    AMMONICO                   LBMOL/HR        0.0            0.0            0.0          
  39  PRESSURE         S-108    CIPSD                               PSIA           20.5459        20.5459         0.0          
  40  MASS ENTHALPY    S-108    CIPSD                               BTU/LB          0.0            0.0            0.0          
 
                          *** ITERATION HISTORY ***  
 
     TEAR STREAMS AND TEAR VARIABLES:  
 
     ITERATION   MAX-ERR/TOL   STREAM ID      VARIABLE         SUBSTREA COMPONEN ATTRIBUT ELEMENT 
     ---------   -----------   ---------      ---------------- -------- -------- -------- ------- 
          1      0.1100E+08    S-108          MOLE-FLOW        MIXED    METHYLPI                   
          2       48.29        S-108          MOLE-FLOW        MIXED    METHYLPI                   
          3      -3.039        S-108          MOLE-FLOW        MIXED    METHYLPI                   
          4     -0.9122        S-108          MOLE-FLOW        MIXED    AMMONIA                    
 
 CONVERGENCE BLOCK:  $OLVER02             
 ---------------------------- 
     Tear Stream  :  S-317      S-313 
     Tolerance used:  0.100D-04  0.100D-04  
     Trace molefrac:  0.100D-06  0.100D-09  
     Trace substr-2:  0.100D-06  0.100D-09  
  
     MAXIT=   50 WAIT   1 ITERATIONS BEFORE ACCELERATING 
     QMAX =   0.0     QMIN =  -5.0     
     METHOD: WEGSTEIN      STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    23 
 
                          *** FINAL VALUES *** 
 
VAR#  TEAR STREAM VAR  STREAM   SUBSTREA COMPONEN ATTRIBUT ELEMENT      UNIT         VALUE       PREV VALUE       ERR/TOL 
----  ---------------  -------- -------- -------- -------- -------- ----------- ------------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-317    MIXED                               LBMOL/HR     1230.6056      1230.6056     -3.2597-08       
   2  TOTAL MOLEFLOW   S-317    CIPSD                               LBMOL/HR        0.0            0.0            0.0          
   3  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC1                   MISSING        MISSING         0.0          
   4  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC2                   MISSING        MISSING         0.0          
   5  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC3                   MISSING        MISSING         0.0          
   6  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC4                   MISSING        MISSING         0.0          
   7  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC5                   MISSING        MISSING         0.0          
   8  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC6                   MISSING        MISSING         0.0          
   9  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC7                   MISSING        MISSING         0.0          
  10  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC8                   MISSING        MISSING         0.0          
  11  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC9                   MISSING        MISSING         0.0          
  12  SUBS-ATTR-VA     S-317    CIPSD             PSD      FRAC10                  MISSING        MISSING         0.0          
  13  TOTAL MOLEFLOW   S-313    MIXED                               LBMOL/HR       11.1805        11.1805      4.0035-02       
  14  TOTAL MOLEFLOW   S-313    CIPSD                               LBMOL/HR        0.0            0.0            0.0          
  15  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC1                   MISSING        MISSING         0.0          
  16  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC2                   MISSING        MISSING         0.0          
  17  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC3                   MISSING        MISSING         0.0          
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 CONVERGENCE BLOCK:  $OLVER02 (CONTINUED)             
  18  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC4                   MISSING        MISSING         0.0          
  19  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC5                   MISSING        MISSING         0.0          
  20  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC6                   MISSING        MISSING         0.0          
  21  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC7                   MISSING        MISSING         0.0          
  22  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC8                   MISSING        MISSING         0.0          
  23  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC9                   MISSING        MISSING         0.0          
  24  SUBS-ATTR-VA     S-313    CIPSD             PSD      FRAC10                  MISSING        MISSING         0.0          
  25  MOLE-FLOW        S-317    MIXED    OXYGEN                     LBMOL/HR     2.3426-05      2.3426-05      2.9391-07       
  26  MOLE-FLOW        S-317    MIXED    HYDROGEN                   LBMOL/HR        0.0            0.0            0.0          
  27  MOLE-FLOW        S-317    MIXED    NITROGEN                   LBMOL/HR     8.0927-05      8.0927-05      5.1445-07       
  28  MOLE-FLOW        S-317    MIXED    AMMONIA                    LBMOL/HR        3.1468         3.1468      4.7926-06       
  29  MOLE-FLOW        S-317    MIXED    WATER                      LBMOL/HR     1227.4582      1227.4582     -4.4974-08       
  30  MOLE-FLOW        S-317    MIXED    CARBO-01                   LBMOL/HR     4.8173-04      4.8173-04      2.6491-07       
  31  MOLE-FLOW        S-317    MIXED    NIACINAM                   LBMOL/HR        0.0            0.0            0.0          
  32  MOLE-FLOW        S-317    MIXED    METDIAMI                   LBMOL/HR        0.0            0.0            0.0          
  33  MOLE-FLOW        S-317    MIXED    METHYLPI                   LBMOL/HR        0.0            0.0            0.0          
  34  MOLE-FLOW        S-317    MIXED    3-MET-01                   LBMOL/HR        0.0            0.0            0.0          
  35  MOLE-FLOW        S-317    MIXED    NICOT-01                   LBMOL/HR        0.0            0.0            0.0          
  36  MOLE-FLOW        S-317    MIXED    AMMONICO                   LBMOL/HR        0.0            0.0            0.0          
  37  PRESSURE         S-317    MIXED                               PSIA           58.0082        58.0082         0.0          
  38  MASS ENTHALPY    S-317    MIXED                               BTU/LB      -6938.0891     -6938.0891      5.5965-08       
  39  MOLE-FLOW        S-317    CIPSD    OXYGEN                     LBMOL/HR        0.0            0.0            0.0          
  40  MOLE-FLOW        S-317    CIPSD    HYDROGEN                   LBMOL/HR        0.0            0.0            0.0          
  41  MOLE-FLOW        S-317    CIPSD    NITROGEN                   LBMOL/HR        0.0            0.0            0.0          
  42  MOLE-FLOW        S-317    CIPSD    AMMONIA                    LBMOL/HR        0.0            0.0            0.0          
  43  MOLE-FLOW        S-317    CIPSD    WATER                      LBMOL/HR        0.0            0.0            0.0          
  44  MOLE-FLOW        S-317    CIPSD    CARBO-01                   LBMOL/HR        0.0            0.0            0.0          
  45  MOLE-FLOW        S-317    CIPSD    NIACINAM                   LBMOL/HR        0.0            0.0            0.0          
  46  MOLE-FLOW        S-317    CIPSD    METDIAMI                   LBMOL/HR        0.0            0.0            0.0          
  47  MOLE-FLOW        S-317    CIPSD    METHYLPI                   LBMOL/HR        0.0            0.0            0.0          
  48  MOLE-FLOW        S-317    CIPSD    3-MET-01                   LBMOL/HR        0.0            0.0            0.0          
  49  MOLE-FLOW        S-317    CIPSD    NICOT-01                   LBMOL/HR        0.0            0.0            0.0          
  50  MOLE-FLOW        S-317    CIPSD    AMMONICO                   LBMOL/HR        0.0            0.0            0.0          
  51  PRESSURE         S-317    CIPSD                               PSIA           58.0082        58.0082         0.0          
  52  MASS ENTHALPY    S-317    CIPSD                               BTU/LB          0.0            0.0            0.0          
  53  MOLE-FLOW        S-313    MIXED    OXYGEN                     LBMOL/HR     6.6297-02      6.6297-02      4.1027-02       
  54  MOLE-FLOW        S-313    MIXED    HYDROGEN                   LBMOL/HR        0.0            0.0            0.0          
  55  MOLE-FLOW        S-313    MIXED    NITROGEN                   LBMOL/HR       11.0231        11.0231      4.1025-02       
  56  MOLE-FLOW        S-313    MIXED    AMMONIA                    LBMOL/HR     1.6058-03      1.6058-03         0.3913       
  57  MOLE-FLOW        S-313    MIXED    WATER                      LBMOL/HR     1.1241-02      1.1241-02        -0.9936       
  58  MOLE-FLOW        S-313    MIXED    CARBO-01                   LBMOL/HR     7.8320-02      7.8320-02      4.1041-02       
  59  MOLE-FLOW        S-313    MIXED    NIACINAM                   LBMOL/HR        0.0            0.0            0.0          
  60  MOLE-FLOW        S-313    MIXED    METDIAMI                   LBMOL/HR        0.0            0.0            0.0          
  61  MOLE-FLOW        S-313    MIXED    METHYLPI                   LBMOL/HR        0.0            0.0            0.0          
  62  MOLE-FLOW        S-313    MIXED    3-MET-01                   LBMOL/HR        0.0            0.0            0.0          
  63  MOLE-FLOW        S-313    MIXED    NICOT-01                   LBMOL/HR        0.0            0.0            0.0          
  64  MOLE-FLOW        S-313    MIXED    AMMONICO                   LBMOL/HR        0.0            0.0            0.0          
  65  PRESSURE         S-313    MIXED                               PSIA           58.0082        58.0082         0.0          
  66  MASS ENTHALPY    S-313    MIXED                               BTU/LB        -57.5604       -57.5604     -9.4503-05       
  67  MOLE-FLOW        S-313    CIPSD    OXYGEN                     LBMOL/HR        0.0            0.0            0.0          
  68  MOLE-FLOW        S-313    CIPSD    HYDROGEN                   LBMOL/HR        0.0            0.0            0.0          
  69  MOLE-FLOW        S-313    CIPSD    NITROGEN                   LBMOL/HR        0.0            0.0            0.0          
  70  MOLE-FLOW        S-313    CIPSD    AMMONIA                    LBMOL/HR        0.0            0.0            0.0          
  71  MOLE-FLOW        S-313    CIPSD    WATER                      LBMOL/HR        0.0            0.0            0.0          
  72  MOLE-FLOW        S-313    CIPSD    CARBO-01                   LBMOL/HR        0.0            0.0            0.0          
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 CONVERGENCE BLOCK:  $OLVER02 (CONTINUED)             
  73  MOLE-FLOW        S-313    CIPSD    NIACINAM                   LBMOL/HR        0.0            0.0            0.0          
  74  MOLE-FLOW        S-313    CIPSD    METDIAMI                   LBMOL/HR        0.0            0.0            0.0          
  75  MOLE-FLOW        S-313    CIPSD    METHYLPI                   LBMOL/HR        0.0            0.0            0.0          
  76  MOLE-FLOW        S-313    CIPSD    3-MET-01                   LBMOL/HR        0.0            0.0            0.0          
  77  MOLE-FLOW        S-313    CIPSD    NICOT-01                   LBMOL/HR        0.0            0.0            0.0          
  78  MOLE-FLOW        S-313    CIPSD    AMMONICO                   LBMOL/HR        0.0            0.0            0.0          
  79  PRESSURE         S-313    CIPSD                               PSIA           58.0082        58.0082         0.0          
  80  MASS ENTHALPY    S-313    CIPSD                               BTU/LB          0.0            0.0            0.0          
 
                          *** ITERATION HISTORY ***  
 
     TEAR STREAMS AND TEAR VARIABLES:  
 
     ITERATION   MAX-ERR/TOL   STREAM ID      VARIABLE         SUBSTREA COMPONEN ATTRIBUT ELEMENT 
     ---------   -----------   ---------      ---------------- -------- -------- -------- ------- 
          1      0.1000E+09    S-313          SUBS-ATTR-VA     CIPSD             PSD      FRAC1    
          2      0.9000E+08    S-313          MOLE-FLOW        MIXED    OXYGEN                     
          3      0.5625E+07    S-313          MOLE-FLOW        MIXED    WATER                      
          4      0.1702E+07    S-313          MOLE-FLOW        MIXED    AMMONIA                    
          5      0.6113E+06    S-313          MOLE-FLOW        MIXED    NITROGEN                   
          6      0.6743E+06    S-313          MOLE-FLOW        MIXED    AMMONIA                    
          7      0.1268E+07    S-313          MOLE-FLOW        MIXED    AMMONIA                    
          8      0.5034E+06    S-313          MOLE-FLOW        MIXED    AMMONIA                    
          9      0.2000E+06    S-313          MOLE-FLOW        MIXED    WATER                      
         10      0.1221E+06    S-313          MOLE-FLOW        MIXED    AMMONIA                    
         11      0.3252E+05    S-313          MOLE-FLOW        MIXED    AMMONIA                    
         12      0.1959E+05    S-313          MOLE-FLOW        MIXED    WATER                      
         13       5268.        S-313          MOLE-FLOW        MIXED    WATER                      
         14       2295.        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         15      -1224.        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         16       702.0        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         17       147.4        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         18       91.00        S-313          MOLE-FLOW        MIXED    WATER                      
         19       21.63        S-313          MOLE-FLOW        MIXED    WATER                      
         20      -43.42        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         21       11.37        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         22       1.487        S-313          MOLE-FLOW        MIXED    AMMONIA                    
         23     -0.9936        S-313          MOLE-FLOW        MIXED    WATER                     
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 COMPUTATIONAL SEQUENCE                   
 ---------------------- 
 
 SEQUENCE USED WAS: 
    P-103 P-101 HX-303                                                      
    $OLVER01 P-102 M-101 HX-101 C-101 R-101 D-101                           
    (RETURN $OLVER01)                                                       
    C-102 HX-102 R-102 A-101 C-103 A-102 SP-201 M-201 HX-201 R-201 HX-202A  
    HX-202B R-202A SEP-201 B-201 P-201 M-202 HX-203 R-202B SEP-202 B-202    
    P-202 M-203 HX-204 R-202C SEP-203 B-203 P-203 M-204 HX-205 F-201 P-204  
    HX-206                                                                  
    $OLVER02 SP-302 SP-301 M-301 HX-301 DC-301 N-301 P-301 HX-302 DR-301    
    |  C-301 HX-304A HX-304B F-301                                          
    (RETURN $OLVER02)                                                       
 
 OVERALL FLOWSHEET BALANCE                
 ------------------------- 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    CONVENTIONAL COMPONENTS (LBMOL/HR) 
       OXYGEN                    46.2971         4.24004        0.908417     
       HYDROGEN                  0.00000         84.5231        -1.00000     
       NITROGEN                  1.10231         1.11640       -0.126183E-01 
       AMMONIA                   0.00000        0.566499        -1.00000     
       WATER                     66.6101         122.773       -0.457451     
       CARBO-01                  0.00000        0.169045        -1.00000     
       NIACINAM                  0.00000         27.6135        -1.00000     
       METDIAMI                  28.4590        0.311977E-04    0.999999     
       METHYLPI                  0.00000        0.284590        -1.00000     
       3-MET-01                  0.00000        0.253735        -1.00000     
       NICOT-01                  0.00000        0.278925        -1.00000     
       AMMONICO                  0.00000         0.00000         0.00000     
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            142.468         241.818       -0.410845     
       MASS(LB/HR   )            6019.26         6019.27       -0.634129E-06 
       ENTHALPY(BTU/HR  )      -0.102940E+08   -0.167061E+08    0.383822     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   7.43964      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         7.43964      LB/HR            
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 COMPONENTS                               
 ---------- 
 
  ID       TYPE  ALIAS          NAME 
   OXYGEN   C     O2             OXYGEN                           
   HYDROGEN C     H2             HYDROGEN                         
   NITROGEN C     N2             NITROGEN                         
   AMMONIA  C     H3N            AMMONIA                          
   WATER    C     H2O            WATER                            
   CARBO-01 C     CO2            CARBON-DIOXIDE                   
   NIACINAM C     NIACINAMIDE    NIACINAMIDE                      
   METDIAMI C     MPDA           MPDA                             
   METHYLPI C     METHYLPIPER    METHYLPIPER                      
   3-MET-01 C     C6H7N-D2       3-METHYLPYRIDINE                 
   NICOT-01 C     C6H4N2         NICOTINONITRILE                  
   AMMONICO C     SALTFORM       SALTFORM                         
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 BLOCK:  A-101    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-112    STAGE  17 
    OUTLETS  - S-113    STAGE   1 
               S-119    STAGE  20 
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            141.441         141.441         0.00000     
       MASS(LB/HR   )            3307.12         3307.12       -0.508771E-14 
       ENTHALPY(BTU/HR  )       0.158151E+07     458444.        0.710122     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        20 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
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 BLOCK:  A-101    MODEL: RADFRAC (CONTINUED)          
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    MOLAR REFLUX RATIO                                       1.00000     
    DISTILLATE TO FEED RATIO                                 0.79890     
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   40.0000      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-113        S-119    
    COMPONENT: 
    HYDROGEN    1.0000       0.0000     
    AMMONIA     1.0000       .37851E-08 
    METDIAMI    .10179E-13   1.0000     
    METHYLPI    .52024E-05   .99999     
    3-MET-01    .53922E-03   .99946     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                         5.99019     
    BOTTOM STAGE TEMPERATURE       F                       366.260       
    TOP STAGE LIQUID FLOW          LBMOL/HR                112.997       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                 28.4438      
    TOP STAGE VAPOR FLOW           LBMOL/HR                112.997       
    BOILUP VAPOR FLOW              LBMOL/HR                109.989       
    MOLAR REFLUX RATIO                                       1.00000     
    MOLAR BOILUP RATIO                                       3.86689     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -2,810,550.          
    REBOILER DUTY                  BTU/HR            1,687,480.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.29148      STAGE=  2 
    BUBBLE POINT                    0.22573      STAGE=  2 
    COMPONENT MASS BALANCE          0.23486E-05  STAGE= 13 COMP=HYDROGEN 
    ENERGY BALANCE                  0.92543E-04  STAGE=  1 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   5.9902        40.000        9932.9      -5484.0      -.28105+07 
   2   274.09        40.000        33923.       14662.                 
   7   323.08        40.000        36404.       29345.                 
   8   323.12        40.000        36390.       29348.                 
   9   323.09        40.000        36367.       29340.                 
  10   323.09        40.000        36340.       29327.                 
  15   323.15        40.000        36040.       29189.                 
  16   323.17        40.000        35922.       29135.                 
  17   365.80        40.000        38156.       53303.                 
  18   366.20        40.000        38127.       53586.                 
  19   366.23        40.000        38041.       53527.                 
  20   366.26        40.000        37904.       53419.       .16875+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  113.0      113.0                                                112.9972 
   2  145.5      226.0                                                         
   7  159.5      272.4                                                         
   8  159.5      272.5                                                         
   9  159.5      272.5                                                         
  10  159.5      272.5                                                         
  15  159.5      272.5                                                         
  16  122.3      272.5                 141.4410                                
  17  138.3      93.84                                                         
  18  138.4      109.8                                                         
  19  138.4      110.0                                                         
  20  28.44      110.0                                       28.4437           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  8255.      656.5                                                656.4752 
   2 0.1346E+05  8912.                                                         
   7 0.1481E+05 0.1546E+05                                                     
   8 0.1481E+05 0.1547E+05                                                     
   9 0.1481E+05 0.1547E+05                                                     
  10 0.1481E+05 0.1547E+05                                                     
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    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
  15 0.1481E+05 0.1547E+05                                                     
  16 0.1136E+05 0.1547E+05            3307.1178                                
  17 0.1288E+05  8708.                                                         
  18 0.1290E+05 0.1023E+05                                                     
  19 0.1290E+05 0.1025E+05                                                     
  20  2651.     0.1025E+05                                 2650.6425           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       METDIAMI      METHYLPI      3-MET-01 
      1    0.22988E-03   0.26347       0.81560E-15   0.10944E-03   0.73619     
      2    0.26305E-03   0.79574E-02   0.49564E-14   0.19282E-03   0.99159     
      7    0.33770E-03   0.32509E-02   0.33350E-11   0.67972E-03   0.99573     
      8    0.33737E-03   0.32480E-02   0.12007E-10   0.87216E-03   0.99554     
      9    0.33778E-03   0.32495E-02   0.43208E-10   0.11190E-02   0.99529     
     10    0.33783E-03   0.32498E-02   0.15548E-09   0.14356E-02   0.99498     
     15    0.33809E-03   0.32493E-02   0.93594E-07   0.49794E-02   0.99143     
     16    0.33818E-03   0.32491E-02   0.33637E-06   0.63814E-02   0.99003     
     17    0.58234E-06   0.10987E-03   0.32087E-06   0.66858E-02   0.99320     
     18    0.97070E-09   0.35849E-05   0.36123E-06   0.73383E-02   0.99266     
     19    0.16180E-11   0.11690E-06   0.51489E-06   0.83714E-02   0.99163     
     20    0.26969E-14   0.37871E-08   0.10968E-05   0.10005E-01   0.98999     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       METDIAMI      METHYLPI      3-MET-01 
      1    0.74801       0.25186       0.28103E-20   0.13103E-07   0.13445E-03 
      2    0.37412       0.25766       0.40780E-15   0.54726E-04   0.36816     
      7    0.31052       0.10639       0.54206E-12   0.30997E-03   0.58279     
      8    0.31039       0.10634       0.19520E-11   0.39786E-03   0.58287     
      9    0.31036       0.10633       0.70281E-11   0.51053E-03   0.58280     
     10    0.31037       0.10634       0.25291E-10   0.65498E-03   0.58263     
     15    0.31039       0.10634       0.15238E-07   0.22735E-02   0.58099     
     16    0.31040       0.10635       0.54781E-07   0.29145E-02   0.58034     
     17    0.44069E-03   0.42339E-02   0.10587E-06   0.52830E-02   0.99004     
     18    0.73316E-06   0.13832E-03   0.11991E-06   0.58260E-02   0.99403     
     19    0.12217E-08   0.45109E-05   0.17100E-06   0.66486E-02   0.99335     
     20    0.20357E-11   0.14615E-06   0.36440E-06   0.79489E-02   0.99205     
 
                         ****   K-VALUES           **** 
   STAGE     HYDROGEN      AMMONIA       METDIAMI      METHYLPI      3-MET-01 
      1     3251.8       0.95583       0.34477E-05   0.11976E-03   0.18268E-03 
      2     1101.1        25.071       0.63709E-01   0.21977       0.28749     
      7     918.83        32.718       0.16262       0.45615       0.58543     
      8     918.64        32.725       0.16275       0.45643       0.58579     
      9     918.70        32.720       0.16266       0.45625       0.58556     
     10     918.65        32.720       0.16266       0.45625       0.58557     
     15     917.99        32.726       0.16281       0.45658       0.58601     
     16     917.72        32.729       0.16286       0.45671       0.58618     
     17     756.74        38.535       0.32995       0.79019       0.99682     
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                         ****   K-VALUES           **** 
   STAGE     HYDROGEN      AMMONIA       METDIAMI      METHYLPI      3-MET-01 
     18     755.29        38.586       0.33196       0.79393        1.0014     
     19     755.09        38.589       0.33210       0.79420        1.0017     
     20     754.83        38.591       0.33224       0.79447        1.0021     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       METDIAMI      METHYLPI      3-MET-01 
      1    0.63430E-05   0.61417E-01   0.12972E-14   0.14855E-03   0.93843     
      2    0.57328E-05   0.14651E-02   0.62264E-14   0.20672E-03   0.99832     
      7    0.73315E-05   0.59625E-03   0.41735E-11   0.72596E-03   0.99867     
      8    0.73242E-05   0.59572E-03   0.15025E-10   0.93147E-03   0.99847     
      9    0.73330E-05   0.59598E-03   0.54070E-10   0.11951E-02   0.99820     
     10    0.73340E-05   0.59602E-03   0.19456E-09   0.15331E-02   0.99786     
     15    0.73379E-05   0.59580E-03   0.11709E-06   0.53166E-02   0.99408     
     16    0.73393E-05   0.59570E-03   0.42079E-06   0.68129E-02   0.99258     
     17    0.12601E-07   0.20085E-04   0.40023E-06   0.71170E-02   0.99286     
     18    0.21002E-10   0.65526E-06   0.45050E-06   0.78106E-02   0.99219     
     19    0.35005E-13   0.21366E-07   0.64210E-06   0.89097E-02   0.99109     
     20    0.58341E-16   0.69211E-09   0.13677E-05   0.10647E-01   0.98935     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       METDIAMI      METHYLPI      3-MET-01 
      1    0.25955       0.73829       0.56209E-19   0.22366E-06   0.21552E-02 
      2    0.19125E-01   0.11128       0.12017E-14   0.13763E-03   0.86946     
      7    0.11032E-01   0.31931E-01   0.11101E-11   0.54174E-03   0.95650     
      8    0.11024E-01   0.31909E-01   0.39964E-11   0.69515E-03   0.95637     
      9    0.11022E-01   0.31903E-01   0.14387E-10   0.89195E-03   0.95618     
     10    0.11023E-01   0.31906E-01   0.51775E-10   0.11444E-02   0.95593     
     15    0.11022E-01   0.31903E-01   0.31191E-07   0.39716E-02   0.95310     
     16    0.11022E-01   0.31902E-01   0.11212E-06   0.50910E-02   0.95199     
     17    0.95732E-05   0.77703E-03   0.13257E-06   0.56458E-02   0.99357     
     18    0.15866E-07   0.25289E-04   0.14958E-06   0.62024E-02   0.99377     
     19    0.26435E-10   0.82457E-06   0.21327E-06   0.70769E-02   0.99292     
     20    0.44043E-13   0.26713E-07   0.45444E-06   0.84602E-02   0.99154     
 
 BLOCK:  A-102    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-114    STAGE   8 
               S-117    STAGE   2 
    OUTLETS  - S-115    STAGE   1 
               S-118    STAGE  10 
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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    TOTAL BALANCE 
       MOLE(LBMOL/HR)            179.607         179.607         0.00000     
       MASS(LB/HR   )            1856.48         1856.48       -0.489904E-15 
       ENTHALPY(BTU/HR  )      -0.861937E+07   -0.902541E+07    0.449883E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        10 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    MOLAR REFLUX RATIO                                       1.00000     
    DISTILLATE TO FEED RATIO                                 0.47200     
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                  170.000       
IX. Appendix              Bains, Clark, Lowey, Soo 
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                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-115        S-118    
    COMPONENT: 
    HYDROGEN    1.0000       0.0000     
    AMMONIA     .88402E-02   .99116     
    WATER       .74460E-12   1.0000     
    METHYLPI    .21064E-01   .97894     
    3-MET-01    .49702E-05   1.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                      -117.878       
    BOTTOM STAGE TEMPERATURE       F                       224.723       
    TOP STAGE LIQUID FLOW          LBMOL/HR                 84.7747      
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                 94.8327      
    TOP STAGE VAPOR FLOW           LBMOL/HR                 84.7747      
    BOILUP VAPOR FLOW              LBMOL/HR                 58.8010      
    MOLAR REFLUX RATIO                                       1.00000     
    MOLAR BOILUP RATIO                                       0.62005     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -1,227,370.          
    REBOILER DUTY                  BTU/HR              821,341.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.95300E-04  STAGE=  4 
    BUBBLE POINT                    0.35389E-03  STAGE=  4 
    COMPONENT MASS BALANCE          0.12038E-05  STAGE=  5 COMP=WATER    
    ENERGY BALANCE                  0.57084E-04  STAGE= 10 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1  -117.88        170.00       -32439.      -1380.6      -.12274+07 
   2   90.052        170.00       -67994.      -9671.1                 
   3   93.909        170.00       -67623.      -10423.                 
   4   94.146        170.00       -67617.      -10479.                 
   5   94.117        170.00       -67661.      -10484.                 
   6   94.485        170.00       -68036.      -10486.                 
   7   102.22        170.00       -72608.      -10430.                 
   8   137.92        170.00       -68804.      -19530.                 
   9   146.90        170.00       -72610.      -19503.                 
  10   224.72        170.00       -93938.      -24248.       .82134+06 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  84.77      84.77                                                 84.7746 
   2  166.0      169.5        66.6101                                          
   3  167.3      184.2                                                         
   4  167.3      185.4                                                         
   5  167.2      185.5                                                         
   6  165.9      185.3                                                         
   7  148.4      184.1                 112.9972                                
   8  159.8      53.58                                                         
   9  153.6      65.00                                                         
  10  94.83      58.80                                       94.8326           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  1522.      174.7                                                174.6730 
   2  2964.      1696.      1200.0000                                          
   3  2980.      1938.                                                         
   4  2977.      1954.                                                         
   5  2971.      1952.                                                         
   6  2942.      1946.                                                         
   7  2610.      1917.                 656.4752                                
   8  2816.      928.4                                                         
   9  2708.      1134.                                                         
  10  1682.      1026.                                     1681.8022           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       WATER         METHYLPI      3-MET-01 
      1    0.70949E-04   0.98669       0.14060E-02   0.29009E-02   0.89298E-02 
      2    0.27256E-04   0.59231       0.40213       0.62850E-03   0.49096E-02 
      3    0.26897E-04   0.59573       0.39912       0.25130E-03   0.48689E-02 
      4    0.26694E-04   0.59607       0.39904       0.99014E-04   0.47627E-02 
      5    0.26490E-04   0.59601       0.39935       0.38166E-04   0.45728E-02 
      6    0.25748E-04   0.59303       0.40291       0.13317E-04   0.40266E-02 
      7    0.20285E-04   0.54830       0.45018       0.17474E-05   0.14925E-02 
      8    0.52886E-08   0.57865       0.41905       0.13053E-05   0.22968E-02 
      9    0.10593E-11   0.53782       0.46034       0.46220E-06   0.18397E-02 
     10    0.15880E-15   0.29744       0.70240       0.15283E-07   0.16020E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       WATER         METHYLPI      3-MET-01 
      1    0.99703       0.29677E-02   0.58506E-12   0.36788E-09   0.89070E-09 
      2    0.49855       0.49483       0.70299E-03   0.14505E-02   0.44649E-02 
      3    0.45895       0.53525       0.80003E-03   0.56651E-03   0.44254E-02 
      4    0.45584       0.53873       0.80477E-03   0.22668E-03   0.43919E-02 
      5    0.45576       0.53905       0.80282E-03   0.89316E-04   0.42962E-02 
      6    0.45606       0.53896       0.82082E-03   0.34426E-04   0.41247E-02 
      7    0.45922       0.53587       0.12717E-02   0.12003E-04   0.36293E-02 
      8    0.56186E-04   0.99230       0.37866E-02   0.48129E-05   0.38505E-02 
      9    0.13004E-07   0.98890       0.56790E-02   0.31873E-05   0.54138E-02 
     10    0.27674E-11   0.92550       0.69954E-01   0.11830E-05   0.45482E-02 
 
                         ****   K-VALUES           **** 
   STAGE     HYDROGEN      AMMONIA       WATER         METHYLPI      3-MET-01 
      1     14051.       0.30077E-02   0.41621E-09   0.12682E-06   0.99751E-07 
      2     18290.       0.83529       0.17488E-02    2.3091       0.90986     
      3     17072.       0.89843       0.20044E-02    2.2565       0.90964     
      4     17090.       0.90379       0.20163E-02    2.2918       0.92296     
      5     17213.       0.90450       0.20098E-02    2.3409       0.93972     
      6     17711.       0.90892       0.20368E-02    2.5822        1.0234     
      7     22629.       0.97729       0.28252E-02    6.8655        2.4305     
      8     10621.        1.7148       0.90364E-02    3.6851        1.6757     
      9     12266.        1.8385       0.12337E-01    6.8879        2.9399     
     10     17431.        3.1117       0.99591E-01    77.422        28.397     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       WATER         METHYLPI      3-MET-01 
      1    0.79685E-05   0.93622       0.14112E-02   0.16028E-01   0.46333E-01 
      2    0.30779E-05   0.56507       0.40582       0.34915E-02   0.25613E-01 
      3    0.30436E-05   0.56952       0.40362       0.13989E-02   0.25453E-01 
      4    0.30242E-05   0.57051       0.40401       0.55184E-03   0.24927E-01 
      5    0.30044E-05   0.57106       0.40476       0.21294E-03   0.23959E-01 
      6    0.29268E-05   0.56949       0.40929       0.74471E-04   0.21145E-01 
      7    0.23250E-05   0.53095       0.46114       0.98528E-05   0.79031E-02 
      8    0.60513E-09   0.55935       0.42850       0.73474E-05   0.12141E-01 
      9    0.12116E-12   0.51971       0.47056       0.26008E-05   0.97211E-02 
     10    0.18051E-16   0.28564       0.71352       0.85464E-07   0.84125E-03 
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                         ****   MASS-Y-PROFILE     **** 
   STAGE     HYDROGEN      AMMONIA       WATER         METHYLPI      3-MET-01 
      1    0.97547       0.24529E-01   0.51154E-11   0.17706E-07   0.40258E-07 
      2    0.10046       0.84234       0.12659E-02   0.14378E-01   0.41562E-01 
      3    0.87916E-01   0.86621       0.13696E-02   0.53386E-02   0.39163E-01 
      4    0.87186E-01   0.87050       0.13756E-02   0.21329E-02   0.38807E-01 
      5    0.87314E-01   0.87245       0.13745E-02   0.84177E-03   0.38023E-01 
      6    0.87555E-01   0.87413       0.14083E-02   0.32513E-03   0.36582E-01 
      7    0.88892E-01   0.87634       0.22000E-02   0.11431E-03   0.32455E-01 
      8    0.65369E-05   0.97533       0.39370E-02   0.27547E-04   0.20696E-01 
      9    0.15024E-08   0.96522       0.58635E-02   0.18116E-04   0.28896E-01 
     10    0.31978E-12   0.90348       0.72238E-01   0.67246E-05   0.24279E-01 
 
 BLOCK:  B-201    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-208    
   OUTLET STREAM:         S-209    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4.58096         4.58096         0.00000     
       MASS(LB/HR   )            148.436         148.436        0.191474E-15 
       ENTHALPY(BTU/HR  )       -42755.7        -36941.9       -0.135977     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.17771      LB/HR            
    PRODUCT STREAMS CO2E          7.17771      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   31.8503      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
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                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                    2.28491     
    BRAKE      HORSEPOWER REQUIREMENT  HP                    2.28491     
    NET WORK REQUIRED                  HP                    2.28491     
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                    1.64514     
    CALCULATED OUTLET TEMP  F                              249.416       
    ISENTROPIC TEMPERATURE  F                              201.909       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     21,944.6         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.38030     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                 1,789.30        
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                 1,094.11        
    INLET  COMPRESSIBILITY FACTOR                            0.99898     
    OUTLET COMPRESSIBILITY FACTOR                            0.99968     
    AV. ISENT. VOL. EXPONENT                                 1.37328     
    AV. ISENT. TEMP EXPONENT                                 1.37237     
    AV. ACTUAL VOL. EXPONENT                                 1.56780     
    AV. ACTUAL TEMP EXPONENT                                 1.56558     
 
 BLOCK:  B-202    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-215    
   OUTLET STREAM:         S-216    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4.57472         4.57472         0.00000     
       MASS(LB/HR   )            148.240         148.240         0.00000     
       ENTHALPY(BTU/HR  )       -42211.3        -37111.0       -0.120827     
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.16881      LB/HR            
    PRODUCT STREAMS CO2E          7.16881      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    PRESSURE CHANGE  PSI                                    15.0000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                    2.00448     
    BRAKE      HORSEPOWER REQUIREMENT  HP                    2.00448     
    NET WORK REQUIRED                  HP                    2.00448     
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                    1.44323     
    CALCULATED OUTLET PRES  PSIA                            30.2298      
    CALCULATED OUTLET TEMP  F                              228.908       
    ISENTROPIC TEMPERATURE  F                              186.982       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     19,276.8         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.38076     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                 1,728.16        
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                 1,117.79        
    INLET  COMPRESSIBILITY FACTOR                            0.99896     
    OUTLET COMPRESSIBILITY FACTOR                            0.99959     
    AV. ISENT. VOL. EXPONENT                                 1.37437     
    AV. ISENT. TEMP EXPONENT                                 1.37348     
    AV. ACTUAL VOL. EXPONENT                                 1.57349     
    AV. ACTUAL TEMP EXPONENT                                 1.57123     
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 BLOCK:  B-203    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-222    
   OUTLET STREAM:         S-223    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4.56887         4.56887         0.00000     
       MASS(LB/HR   )            148.056         148.056         0.00000     
       ENTHALPY(BTU/HR  )       -41700.4        -35024.6       -0.160091     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.15993      LB/HR            
    PRODUCT STREAMS CO2E          7.15993      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    PRESSURE CHANGE  PSI                                    22.0000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
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                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                    2.62371     
    BRAKE      HORSEPOWER REQUIREMENT  HP                    2.62371     
    NET WORK REQUIRED                  HP                    2.62371     
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                    1.88907     
    CALCULATED OUTLET PRES  PSIA                            37.7298      
    CALCULATED OUTLET TEMP  F                              275.301       
    ISENTROPIC TEMPERATURE  F                              220.783       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     25,263.2         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.38119     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                 1,671.05        
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                   954.928       
    INLET  COMPRESSIBILITY FACTOR                            0.99894     
    OUTLET COMPRESSIBILITY FACTOR                            0.99982     
    AV. ISENT. VOL. EXPONENT                                 1.37341     
    AV. ISENT. TEMP EXPONENT                                 1.37234     
    AV. ACTUAL VOL. EXPONENT                                 1.56352     
    AV. ACTUAL TEMP EXPONENT                                 1.56107     
 
 BLOCK:  C-101    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-104    
   OUTLET STREAM:         S-105    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            28.7464         28.7464         0.00000     
       MASS(LB/HR   )            3340.34         3340.34         0.00000     
       ENTHALPY(BTU/HR  )       -579387.        -522590.       -0.980286E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   72.5189      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                   22.3219      
    BRAKE      HORSEPOWER REQUIREMENT  HP                   22.3219      
    NET WORK REQUIRED                  HP                   22.3219      
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                   16.0717      
    CALCULATED OUTLET TEMP  F                              560.209       
    ISENTROPIC TEMPERATURE  F                              552.594       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                      9,526.59        
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.03692     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                 8,642.49        
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                 3,915.22        
    INLET  COMPRESSIBILITY FACTOR                            0.95152     
    OUTLET COMPRESSIBILITY FACTOR                            0.90244     
    AV. ISENT. VOL. EXPONENT                                 0.96197     
    AV. ISENT. TEMP EXPONENT                                 1.03431     
    AV. ACTUAL VOL. EXPONENT                                 0.97492     
    AV. ACTUAL TEMP EXPONENT                                 1.04480     
 
 BLOCK:  C-102    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-107    
   OUTLET STREAM:         S-110    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            56.9179         56.9179         0.00000     
       MASS(LB/HR   )            3306.95         3306.95         0.00000     
       ENTHALPY(BTU/HR  )      -0.150170E+07   -0.131410E+07   -0.124925     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   72.5189      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                   73.7292      
    BRAKE      HORSEPOWER REQUIREMENT  HP                   73.7292      
    NET WORK REQUIRED                  HP                   73.7292      
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                   53.0850      
    CALCULATED OUTLET TEMP  F                              393.178       
    ISENTROPIC TEMPERATURE  F                              374.057       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     31,784.1         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.08913     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                29,719.9         
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                 6,847.95        
    INLET  COMPRESSIBILITY FACTOR                            0.98498     
    OUTLET COMPRESSIBILITY FACTOR                            0.95331     
    AV. ISENT. VOL. EXPONENT                                 1.05274     
    AV. ISENT. TEMP EXPONENT                                 1.09495     
    AV. ACTUAL VOL. EXPONENT                                 1.08748     
    AV. ACTUAL TEMP EXPONENT                                 1.11225     
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 BLOCK:  C-103    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-113    
   OUTLET STREAM:         S-114    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            112.997         112.997         0.00000     
       MASS(LB/HR   )            656.475         656.475       -0.173178E-15 
       ENTHALPY(BTU/HR  )       -619677.        -361903.       -0.415982     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                  170.000       
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
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                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                  101.309       
    BRAKE      HORSEPOWER REQUIREMENT  HP                  101.309       
    NET WORK REQUIRED                  HP                  101.309       
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                   72.9426      
    CALCULATED OUTLET TEMP  F                              313.672       
    ISENTROPIC TEMPERATURE  F                              229.872       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                    220,003.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.38803     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                14,104.1         
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                 5,536.64        
    INLET  COMPRESSIBILITY FACTOR                            0.99911     
    OUTLET COMPRESSIBILITY FACTOR                            1.00369     
    AV. ISENT. VOL. EXPONENT                                 1.37758     
    AV. ISENT. TEMP EXPONENT                                 1.37234     
    AV. ACTUAL VOL. EXPONENT                                 1.54738     
    AV. ACTUAL TEMP EXPONENT                                 1.53984     
 
 BLOCK:  C-301    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-310    
   OUTLET STREAM:         S-311    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1241.79         1241.79         0.00000     
       MASS(LB/HR   )            22481.2         22481.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.124572E+09   -0.119198E+09   -0.431451E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             3.46806      LB/HR            
    PRODUCT STREAMS CO2E          3.46806      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   68.0082      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                2,112.33        
    BRAKE      HORSEPOWER REQUIREMENT  HP                2,112.33        
    NET WORK REQUIRED                  HP                2,112.33        
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                1,520.88        
    CALCULATED OUTLET TEMP  F                              887.201       
    ISENTROPIC TEMPERATURE  F                              753.361       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                    133,949.          
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.31829     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               774,892.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               262,833.          
    INLET  COMPRESSIBILITY FACTOR                            0.99577     
    OUTLET COMPRESSIBILITY FACTOR                            0.99589     
    AV. ISENT. VOL. EXPONENT                                 1.30096     
    AV. ISENT. TEMP EXPONENT                                 1.30308     
    AV. ACTUAL VOL. EXPONENT                                 1.42936     
    AV. ACTUAL TEMP EXPONENT                                 1.42920     
 
 BLOCK:  D-101    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-106    STAGE  33 
    OUTLETS  - S-107    STAGE   1 
               S-108    STAGE  40 
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            57.2054         57.2054       -0.582540E-13 
       MASS(LB/HR   )            3340.35         3340.35        0.102294E-11 
       ENTHALPY(BTU/HR  )       -974645.       -0.151549E+07    0.356876     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        40 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    MOLAR REFLUX RATIO                                       6.41830     
    DISTILLATE TO FEED RATIO                                 0.99497     
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   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   14.6959      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-107        S-108    
    COMPONENT: 
    AMMONIA     1.0000       0.0000     
    METDIAMI    .10853E-03   .99989     
    METHYLPI    1.0000       .11106E-05 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       266.285       
    BOTTOM STAGE TEMPERATURE       F                       402.319       
    TOP STAGE LIQUID FLOW          LBMOL/HR                365.316       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                  0.28746     
    TOP STAGE VAPOR FLOW           LBMOL/HR                 56.9179      
    BOILUP VAPOR FLOW              LBMOL/HR                326.461       
    MOLAR REFLUX RATIO                                       6.41830     
    MOLAR BOILUP RATIO                                   1,135.66        
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -6,944,570.          
    REBOILER DUTY                  BTU/HR            6,403,730.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.15416E-05  STAGE= 14 
    BUBBLE POINT                    0.39092E-05  STAGE= 14 
    COMPONENT MASS BALANCE          0.34000E-05  STAGE= 14 COMP=AMMONIA  
    ENERGY BALANCE                  0.10537E-05  STAGE= 14 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   266.28        14.696       -51733.      -26384.      -.69446+07 
   2   306.22        14.846       -49716.      -31869.                 
   5   309.19        15.296       -49553.      -31944.                 
   6   309.88        15.446       -49517.      -31916.                 
   7   310.60        15.596       -49484.      -31888.                 
   8   311.43        15.746       -49458.      -31855.                 
  31   386.39        19.196       -48982.      -28471.                 
  32   386.92        19.346       -48938.      -28442.                 
  33   395.91        19.496       -48373.      -28778.                 
  39   401.78        20.396       -48005.      -28421.                 
  40   402.32        20.546       -47961.      -28389.       .64037+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  365.3      56.92                                                 56.9179 
   2  409.9      422.2                                                         
   5  411.6      468.4                                                         
   6  411.7      468.5                                                         
   7  411.6      468.6                                                         
   8  411.0      468.5                                                         
  31  343.8      400.6                                                         
  32  317.9      400.7                  57.2054                                
  33  325.1      317.6                                                         
  39  326.7      326.3                                                         
  40 0.2875      326.5                                        0.2874           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3599E+05  3307.                                               3306.9499 
   2 0.4062E+05 0.3930E+05                                                     
   5 0.4079E+05 0.4408E+05                                                     
   6 0.4080E+05 0.4410E+05                                                     
   7 0.4080E+05 0.4411E+05                                                     
   8 0.4077E+05 0.4411E+05                                                     
  31 0.3956E+05 0.4284E+05                                                     
  32 0.3658E+05 0.4286E+05            3340.3527                                
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    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
  33 0.3762E+05 0.3654E+05                                                     
  39 0.3797E+05 0.3791E+05                                                     
  40  33.40     0.3793E+05                                   33.4028           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     AMMONIA       METDIAMI      METHYLPI 
      1    0.79071E-02   0.39850E-05   0.99209     
      2    0.95160E-03   0.11640E-04   0.99904     
      5    0.79965E-03   0.26825E-03   0.99893     
      6    0.80451E-03   0.75651E-03   0.99844     
      7    0.80931E-03   0.21249E-02   0.99707     
      8    0.81397E-03   0.59324E-02   0.99325     
     31    0.86610E-03   0.93667       0.62466E-01 
     32    0.87107E-03   0.93651       0.62622E-01 
     33    0.10405E-04   0.97118       0.28806E-01 
     39    0.33006E-16   0.99976       0.24326E-03 
     40    0.40808E-18   0.99989       0.10995E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     AMMONIA       METDIAMI      METHYLPI 
      1    0.50000       0.54812E-06   0.50000     
      2    0.74242E-01   0.35217E-05   0.92575     
      5    0.61460E-01   0.83316E-04   0.93846     
      6    0.61444E-01   0.23573E-03   0.93832     
      7    0.61438E-01   0.66469E-03   0.93790     
      8    0.61455E-01   0.18668E-02   0.93668     
     31    0.71788E-01   0.80371       0.12451     
     32    0.71761E-01   0.80363       0.12461     
     33    0.87186E-03   0.93645       0.62678E-01 
     39    0.26875E-14   0.99946       0.53926E-03 
     40    0.33034E-16   0.99976       0.24338E-03 
 
                         ****   K-VALUES           **** 
   STAGE     AMMONIA       METDIAMI      METHYLPI 
      1     63.235       0.13754       0.50399     
      2     78.018       0.30256       0.92665     
      5     76.858       0.31059       0.93946     
      6     76.375       0.31159       0.93979     
      7     75.914       0.31282       0.94066     
      8     75.500       0.31467       0.94304     
     31     82.887       0.85805        1.9932     
     32     82.383       0.85811        1.9899     
     33     83.795       0.96424        2.1758     
     39     81.424       0.99970        2.2168     
     40     80.951       0.99987        2.2136     
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                         ****   MASS-X-PROFILE     **** 
   STAGE     AMMONIA       METDIAMI      METHYLPI 
      1    0.13668E-02   0.47002E-05   0.99863     
      2    0.16355E-03   0.13649E-04   0.99982     
      5    0.13741E-03   0.31451E-03   0.99955     
      6    0.13823E-03   0.88690E-03   0.99897     
      7    0.13903E-03   0.24905E-02   0.99737     
      8    0.13974E-03   0.69488E-02   0.99291     
     31    0.12821E-03   0.94603       0.53844E-01 
     32    0.12895E-03   0.94589       0.53980E-01 
     33    0.15314E-05   0.97531       0.24689E-01 
     39    0.48376E-17   0.99979       0.20762E-03 
     40    0.59810E-19   0.99991       0.93837E-04 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     AMMONIA       METDIAMI      METHYLPI 
      1    0.14656       0.10962E-05   0.85344     
      2    0.13585E-01   0.43969E-05   0.98641     
      5    0.11120E-01   0.10286E-03   0.98878     
      6    0.11117E-01   0.29100E-03   0.98859     
      7    0.11115E-01   0.82050E-03   0.98806     
      8    0.11116E-01   0.23039E-02   0.98658     
     31    0.11430E-01   0.87313       0.11544     
     32    0.11426E-01   0.87304       0.11553     
     33    0.12906E-03   0.94584       0.54029E-01 
     39    0.39391E-15   0.99954       0.46026E-03 
     40    0.48418E-17   0.99979       0.20772E-03 
 
 BLOCK:  DC-301   MODEL: SSPLIT           
 ------------------------------ 
   INLET STREAM:          S-302    
   OUTLET STREAMS:        S-304       S-303    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1259.04         1259.04         0.00000     
       MASS(LB/HR   )            25618.8         25618.8         0.00000     
       ENTHALPY(BTU/HR  )      -0.153808E+09   -0.153808E+09   -0.598727E-13 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.365887      LB/HR            
    PRODUCT STREAMS CO2E         0.365887      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   PSIA                                    -5.00000     
 
  FRACTION OF FLOW 
   SUBSTRM=          STRM=            FRAC=  
            MIXED          S-304                     1.00000     
            CIPSD          S-304                     0.0         
 
                           ***  RESULTS  *** 
 
  STRM= S-304      SUBSTRM= MIXED    SPLIT FRACT=          1.00000     
                            CIPSD                          0.0         
 
  STRM= S-303      SUBSTRM= MIXED    SPLIT FRACT=          0.0         
                            CIPSD                          1.00000     
 
 BLOCK:  DR-301   MODEL: SEP              
 --------------------------- 
   INLET STREAMS:         S-309       S-315       S-307    
   OUTLET STREAMS:        S-310       S-316    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1270.20         1270.20        0.179006E-15 
       MASS(LB/HR   )            25932.8         25932.8       -0.140285E-15 
       ENTHALPY(BTU/HR  )      -0.124897E+09   -0.125748E+09    0.676808E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             3.46806      LB/HR            
    PRODUCT STREAMS CO2E          3.46806      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
                          ***  INPUT DATA  *** 
 
   INLET PRESSURE DROP   PSI                                 5.00000     
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   FLASH SPECS FOR STREAM S-310    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S-316    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-310     CPT= OXYGEN    FRACTION=          1.00000     
                              HYDROGEN                     1.00000     
                              NITROGEN                     1.00000     
                              AMMONIA                      1.00000     
                              WATER                        1.00000     
                              CARBO-01                     1.00000     
                              NIACINAM                     0.0         
                              METDIAMI                     0.0         
                              METHYLPI                     0.0         
                              3-MET-01                     0.0         
                              NICOT-01                     0.0         
                              AMMONICO                     0.0         
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             BTU/HR                             -0.85108E+06 
 
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-310      MIXED                 1.00000     
 
  COMPONENT = NITROGEN 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-310      MIXED                 1.00000     
 
  COMPONENT = AMMONIA  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-310      MIXED                 1.00000     
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-310      MIXED                 1.00000     
IX. Appendix              Bains, Clark, Lowey, Soo 
 
 
 
192 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/27/2013  PAGE 36   
                              NIACIN PRODUCTION                                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  DR-301   MODEL: SEP (CONTINUED)              
 
  COMPONENT = CARBO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-310      MIXED                 1.00000     
 
  COMPONENT = NIACINAM 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-316      MIXED                 1.00000     
 
  COMPONENT = METDIAMI 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-316      MIXED                 1.00000     
 
  COMPONENT = METHYLPI 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-316      MIXED                 1.00000     
 
  COMPONENT = 3-MET-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-316      MIXED                 1.00000     
 
  COMPONENT = NICOT-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-316      MIXED                 1.00000     
 
 BLOCK:  F-201    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-227    
   OUTLET VAPOR STREAM:   S-228    
   OUTLET LIQUID STREAM:  S-229    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22       -0.191612E-09 
       ENTHALPY(BTU/HR  )      -0.167907E+08   -0.167906E+08   -0.614923E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION -0.353994E-06  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION       -0.353994E-06  LB/HR            
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 BLOCK:  F-201    MODEL: FLASH2 (CONTINUED)           
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  32.0000      
   SPECIFIED PRESSURE    PSIA                               15.0000      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    32.000     
   OUTLET PRESSURE       PSIA                                 15.000     
   HEAT DUTY             BTU/HR                               103.25     
   VAPOR FRACTION                                            0.28725E-01 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.44082E-04    0.95146         21584.     
      NITROGEN         0.90944E-04    0.12611E-07    0.31656E-02    
0.25102E+06 
      AMMONIA          0.29921E-04    0.30292E-04    0.17386E-04    0.57393     
      WATER            0.78787        0.81100        0.57580E-02    0.70998E-
02 
      CARBO-01         0.10913E-02    0.52378E-04    0.36222E-01     691.56     
      NIACINAM         0.17827        0.18354        0.21623E-07    0.11782E-
06 
      METDIAMI         0.20141E-06    0.20363E-06    0.12618E-06    0.61969     
      METHYLPI         0.18373E-02    0.18171E-02    0.25191E-02     1.3865     
      3-MET-01         0.16370E-02    0.16620E-02    0.79031E-03    0.47554     
      NICOT-01         0.18007E-02    0.18518E-02    0.71357E-04    0.38536E-
01 
 
 BLOCK:  F-301    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-312    
   OUTLET VAPOR STREAM:   S-313    
   OUTLET LIQUID STREAM:  S-317    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1241.79         1241.79        0.328156E-11 
       MASS(LB/HR   )            22481.2         22481.2        0.532414E-11 
       ENTHALPY(BTU/HR  )      -0.153812E+09   -0.153812E+09   -0.628592E-09 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  F-301    MODEL: FLASH2 (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             3.46806      LB/HR            
    PRODUCT STREAMS CO2E          3.46806      LB/HR            
    NET STREAMS CO2E PRODUCTION -0.141470E-08  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION       -0.141470E-08  LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  32.0000      
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    32.000     
   OUTLET PRESSURE       PSIA                                 58.008     
   HEAT DUTY             BTU/HR                              0.96815E-01 
   VAPOR FRACTION                                            0.90036E-02 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.53407E-04    0.19036E-07    0.59297E-02    
0.31150E+06 
      NITROGEN         0.88768E-02    0.65762E-07    0.98592        
0.14992E+08 
      AMMONIA          0.25354E-02    0.25571E-02    0.14363E-03    0.56168E-
01 
      WATER            0.98847        0.99744        0.10054E-02    0.10080E-
02 
      CARBO-01         0.63459E-04    0.39145E-06    0.70051E-02     17895.     
 
 BLOCK:  HX-101   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-103    
   OUTLET STREAM:         S-104    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            28.7464         28.7464         0.00000     
       MASS(LB/HR   )            3340.34         3340.34         0.00000     
       ENTHALPY(BTU/HR  )      -0.204694E+07    -579387.       -0.716950     
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 BLOCK:  HX-101   MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       527.000       
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    527.00     
   OUTLET PRESSURE       PSIA                                 33.511     
   HEAT DUTY             BTU/HR                              0.14676E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                       0.47894E+07 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      METDIAMI          1.0000         1.0000         1.0000         2.4346     
      METHYLPI         0.10995E-05    0.66282E-06    0.10995E-05     4.0386     
 
 BLOCK:  HX-102   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-110    
   OUTLET STREAM:         S-111    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            56.9179         56.9179         0.00000     
       MASS(LB/HR   )            3306.95         3306.95         0.00000     
       ENTHALPY(BTU/HR  )      -0.131410E+07   -0.102115E+07   -0.222926     
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  HX-102   MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       554.000       
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    554.00     
   OUTLET PRESSURE       PSIA                                 62.519     
   HEAT DUTY             BTU/HR                              0.29295E+06 
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                       0.25453E+07 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      AMMONIA          0.50000        0.71600E-01    0.50000         34.521     
      METDIAMI         0.54812E-06    0.16117E-05    0.54812E-06     1.6812     
      METHYLPI         0.50000        0.92840        0.50000         2.6624     
 
 BLOCK:  HX-201   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-203A   
   OUTLET STREAM:         S-203    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            122.233         122.233         0.00000     
       MASS(LB/HR   )            4313.94         4313.94         0.00000     
       ENTHALPY(BTU/HR  )      -0.773225E+07   -0.513195E+07   -0.336294     
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 BLOCK:  HX-201   MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       626.000       
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    626.00     
   OUTLET PRESSURE       PSIA                                 30.000     
   HEAT DUTY             BTU/HR                              0.26003E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                       0.66517E+06 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      AMMONIA          0.22823        0.13094        0.22823         53.861     
      WATER            0.53895        0.43342        0.53895         38.426     
      METDIAMI         0.25523E-06    0.67768E-06    0.25523E-06     11.639     
      METHYLPI         0.23282E-02    0.48532E-02    0.23282E-02     14.825     
      3-MET-01         0.23050        0.43078        0.23050         16.535     
 
 BLOCK:  HX-202A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-205    
   OUTLET STREAM:         S-206A   
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  HX-202A  MODEL: HEATER (CONTINUED)           
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            182.512         182.512         0.00000     
       MASS(LB/HR   )            5795.40         5795.40         0.00000     
       ENTHALPY(BTU/HR  )      -0.110133E+08   -0.153902E+08    0.284391     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       100.000       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    100.00     
   OUTLET PRESSURE       PSIA                                 24.130     
   HEAT DUTY             BTU/HR                             -0.43768E+07 
   OUTLET VAPOR FRACTION                                     0.25426E-01 
   PRESSURE-DROP CORRELATION PARAMETER                       0.16262E+06 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.23232E-01    0.20280E-03    0.90593         4467.3     
      NITROGEN         0.77185E-04    0.11713E-06    0.30312E-02     25880.     
      AMMONIA          0.25394E-04    0.25200E-04    0.32833E-04     1.3029     
      WATER            0.81997        0.83992        0.55258E-01    0.65788E-
01 
      CARBO-01         0.92621E-03    0.10069E-03    0.32569E-01     323.47     
      METDIAMI         0.17093E-06    0.17497E-06    0.16314E-07    0.93248E-
01 
      METHYLPI         0.15593E-02    0.15884E-02    0.44202E-03    0.27829     
      3-MET-01         0.13893E-02    0.14191E-02    0.24813E-03    0.17486     
      NICOT-01         0.15283        0.15675        0.24922E-02    0.15901E-
01 
 
 BLOCK:  HX-202B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-206A   
   OUTLET STREAM:         S-206    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
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 BLOCK:  HX-202B  MODEL: HEATER (CONTINUED)           
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            182.512         182.512         0.00000     
       MASS(LB/HR   )            5795.40         5795.40         0.00000     
       ENTHALPY(BTU/HR  )      -0.153902E+08   -0.154853E+08    0.614673E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        77.0000      
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 19.130     
   HEAT DUTY             BTU/HR                              -95184.     
   OUTLET VAPOR FRACTION                                     0.24904E-01 
   PRESSURE-DROP CORRELATION PARAMETER                       0.44418E+07 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.23232E-01    0.15161E-03    0.92690         6113.7     
      NITROGEN         0.77185E-04    0.77871E-07    0.30962E-02     39762.     
      AMMONIA          0.25394E-04    0.25413E-04    0.24663E-04    0.97048     
      WATER            0.81997        0.84003        0.34177E-01    0.40685E-
01 
      CARBO-01         0.92621E-03    0.93021E-04    0.33549E-01     360.67     
      METDIAMI         0.17093E-06    0.17500E-06    0.11966E-07    0.68384E-
01 
      METHYLPI         0.15593E-02    0.15896E-02    0.37350E-03    0.23498     
      3-MET-01         0.13893E-02    0.14198E-02    0.19710E-03    0.13883     
      NICOT-01         0.15283        0.15669        0.16856E-02    0.10758E-
01 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  HX-203   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-212    
   OUTLET STREAM:         S-213    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22         0.00000     
       ENTHALPY(BTU/HR  )      -0.166063E+08   -0.166135E+08    0.434383E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        77.0000      
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 19.730     
   HEAT DUTY             BTU/HR                              -7216.6     
   OUTLET VAPOR FRACTION                                     0.29258E-01 
   PRESSURE-DROP CORRELATION PARAMETER                       0.10240E+08 
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 BLOCK:  HX-203   MODEL: HEATER (CONTINUED)           
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.72082E-04    0.93318         12947.     
      NITROGEN         0.90944E-04    0.27570E-07    0.31074E-02    
0.11272E+06 
      AMMONIA          0.29921E-04    0.29577E-04    0.41360E-04     1.3984     
      WATER            0.78787        0.81092        0.23215E-01    0.28627E-
01 
      CARBO-01         0.10913E-02    0.52879E-04    0.35546E-01     672.24     
      NIACINAM         0.17827        0.18364        0.28002E-06    0.15249E-
05 
      METDIAMI         0.20141E-06    0.20077E-06    0.22263E-06     1.1091     
      METHYLPI         0.18373E-02    0.17891E-02    0.34339E-02     1.9195     
      3-MET-01         0.16370E-02    0.16468E-02    0.13118E-02    0.79667     
      NICOT-01         0.18007E-02    0.18501E-02    0.16287E-03    0.88047E-
01 
 
 BLOCK:  HX-204   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-219    
   OUTLET STREAM:         S-220    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22         0.00000     
       ENTHALPY(BTU/HR  )      -0.166071E+08   -0.166135E+08    0.388764E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        77.0000      
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
IX. Appendix              Bains, Clark, Lowey, Soo 
 
 
 
197 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/27/2013  PAGE 46   
                              NIACIN PRODUCTION                                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  HX-204   MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 20.230     
   HEAT DUTY             BTU/HR                              -6458.7     
   OUTLET VAPOR FRACTION                                     0.29234E-01 
   PRESSURE-DROP CORRELATION PARAMETER                       0.10459E+08 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.73961E-04    0.93387         12627.     
      NITROGEN         0.90944E-04    0.28291E-07    0.31099E-02    
0.10993E+06 
      AMMONIA          0.29921E-04    0.29606E-04    0.40386E-04     1.3641     
      WATER            0.78787        0.81092        0.22648E-01    0.27928E-
01 
      CARBO-01         0.10913E-02    0.54188E-04    0.35531E-01     655.72     
      NIACINAM         0.17827        0.18364        0.27336E-06    0.14887E-
05 
      METDIAMI         0.20141E-06    0.20092E-06    0.21748E-06     1.0826     
      METHYLPI         0.18373E-02    0.17915E-02    0.33557E-02     1.8733     
      3-MET-01         0.16370E-02    0.16477E-02    0.12809E-02    0.77747     
      NICOT-01         0.18007E-02    0.18501E-02    0.15898E-03    0.85938E-
01 
 
 BLOCK:  HX-205   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-226    
   OUTLET STREAM:         S-227    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22         0.00000     
       ENTHALPY(BTU/HR  )      -0.166049E+08   -0.167907E+08    0.110659E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  HX-205   MODEL: HEATER (CONTINUED)           
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        32.0000      
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    32.000     
   OUTLET PRESSURE       PSIA                                 27.730     
   HEAT DUTY             BTU/HR                             -0.18580E+06 
   OUTLET VAPOR FRACTION                                     0.28529E-01 
   PRESSURE-DROP CORRELATION PARAMETER                       0.14353E+08 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.81854E-04    0.95669         11688.     
      NITROGEN         0.90944E-04    0.23462E-07    0.31870E-02    
0.13584E+06 
      AMMONIA          0.29921E-04    0.30520E-04    0.95389E-05    0.31255     
      WATER            0.78787        0.81092        0.31447E-02    0.38780E-
02 
      CARBO-01         0.10913E-02    0.93331E-04    0.35075E-01     375.82     
      NIACINAM         0.17827        0.18350        0.12063E-07    0.65739E-
07 
      METDIAMI         0.20141E-06    0.20525E-06    0.70681E-07    0.34440     
      METHYLPI         0.18373E-02    0.18496E-02    0.14171E-02    0.76622     
      3-MET-01         0.16370E-02    0.16722E-02    0.43884E-03    0.26245     
      NICOT-01         0.18007E-02    0.18524E-02    0.39603E-04    0.21381E-
01 
 
 BLOCK:  HX-206   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-230    
   OUTLET STREAM:         S-231    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            150.449         150.449         0.00000     
       MASS(LB/HR   )            5650.33         5650.33         0.00000     
       ENTHALPY(BTU/HR  )      -0.167575E+08   -0.165340E+08   -0.133365E-01 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  HX-206   MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.346806      LB/HR            
    PRODUCT STREAMS CO2E         0.346806      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        90.0000      
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    90.000     
   OUTLET PRESSURE       PSIA                                 35.000     
   HEAT DUTY             BTU/HR                              0.22349E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
   PRESSURE-DROP CORRELATION PARAMETER                       0.16232E+09 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.44082E-04    0.44082E-04    0.86921         6855.5     
      NITROGEN         0.12611E-07    0.12611E-07    0.20087E-02     55375.     
      AMMONIA          0.30292E-04    0.30292E-04    0.92705E-04     1.0640     
      WATER            0.81100        0.81100        0.58025E-01    0.24875E-
01 
      CARBO-01         0.52378E-04    0.52378E-04    0.60843E-01     403.86     
      NIACINAM         0.18354        0.18354        0.96743E-06    0.18326E-
05 
      METDIAMI         0.20363E-06    0.20363E-06    0.46919E-06    0.80108     
      METHYLPI         0.18171E-02    0.18171E-02    0.67651E-02     1.2944     
      3-MET-01         0.16620E-02    0.16620E-02    0.26899E-02    0.56269     
      NICOT-01         0.18518E-02    0.18518E-02    0.36058E-03    0.67697E-
01 
 
 BLOCK:  HX-301   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-301    
   OUTLET STREAM:         S-302    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
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 BLOCK:  HX-301   MODEL: HEATER (CONTINUED)           
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1259.04         1259.04         0.00000     
       MASS(LB/HR   )            25618.8         25618.8         0.00000     
       ENTHALPY(BTU/HR  )      -0.155047E+09   -0.153808E+09   -0.798587E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.365887      LB/HR            
    PRODUCT STREAMS CO2E         0.365887      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        77.0000      
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 25.000     
   HEAT DUTY             BTU/HR                              0.12382E+07 
   OUTLET VAPOR FRACTION                                     0.26201E-03 
   PRESSURE-DROP CORRELATION PARAMETER                       0.60526E+07 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.52843E-05    0.14334E-06    0.19622E-01    
0.13689E+06 
      NITROGEN         0.59356E-07    0.72672E-10    0.22627E-03    
0.31135E+07 
      AMMONIA          0.24995E-02    0.24998E-02    0.12031E-02    0.48129     
      WATER            0.97492        0.97517        0.12805E-01    0.13131E-
01 
      CARBO-01         0.66033E-05    0.17511E-05    0.18521E-01     10577.     
      NIACINAM         0.21932E-01    0.21938E-01    0.74823E-05    0.34107E-
03 
      METDIAMI         0.24333E-07    0.79722E-09    0.89830E-04    
0.11268E+06 
      METHYLPI         0.21713E-03    0.53865E-04    0.62321         11570.     
      3-MET-01         0.19874E-03    0.14939E-03    0.18851         1261.9     
      NICOT-01         0.22129E-03    0.18575E-03    0.13581         731.15     
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  HX-302   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-306    
   OUTLET STREAM:         S-307    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1259.04         1259.04         0.00000     
       MASS(LB/HR   )            25618.8         25618.8         0.00000     
       ENTHALPY(BTU/HR  )      -0.153806E+09   -0.124883E+09   -0.188044     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.365887      LB/HR            
    PRODUCT STREAMS CO2E         0.365887      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       392.000       
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    392.00     
   OUTLET PRESSURE       PSIA                                 29.946     
   HEAT DUTY             BTU/HR                              0.28922E+08 
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                        14256.     
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 BLOCK:  HX-302   MODEL: HEATER (CONTINUED)           
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.52843E-05    0.52701E-08    0.52843E-05     1085.6     
      NITROGEN         0.59356E-07    0.27806E-10    0.59356E-07     2311.2     
      AMMONIA          0.24995E-02    0.32318E-04    0.24995E-02     83.735     
      WATER            0.97492        0.10980        0.97492         9.6137     
      CARBO-01         0.66033E-05    0.23249E-07    0.66033E-05     307.51     
      NIACINAM         0.21932E-01    0.88975        0.21932E-01    0.26688E-
01 
      METDIAMI         0.24333E-07    0.13252E-07    0.24333E-07     1.9880     
      METHYLPI         0.21713E-03    0.78107E-04    0.21713E-03     3.0099     
      3-MET-01         0.19874E-03    0.68560E-04    0.19874E-03     3.1385     
      NICOT-01         0.22129E-03    0.27092E-03    0.22129E-03    0.88435     
 
 BLOCK:  HX-303   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-308    
   OUTLET STREAM:         S-309    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1.10231         1.10231         0.00000     
       MASS(LB/HR   )            30.8796         30.8796         0.00000     
       ENTHALPY(BTU/HR  )       -5.93636         2425.28        -1.00245     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       392.000       
   PRESSURE DROP                        PSI                      10.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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 BLOCK:  HX-303   MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    392.00     
   OUTLET PRESSURE       PSIA                                 19.501     
   HEAT DUTY             BTU/HR                               2431.2     
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                       0.61542E+10 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      NITROGEN          1.0000         1.0000         1.0000         MISSING  
 
 BLOCK:  HX-304A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-311    
   OUTLET STREAM:         S-312A   
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1241.79         1241.79         0.00000     
       MASS(LB/HR   )            22481.2         22481.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.119198E+09   -0.152060E+09    0.216115     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             3.46806      LB/HR            
    PRODUCT STREAMS CO2E          3.46806      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       100.000       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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 BLOCK:  HX-304A  MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    100.00     
   OUTLET PRESSURE       PSIA                                 63.008     
   HEAT DUTY             BTU/HR                             -0.32862E+08 
   OUTLET VAPOR FRACTION                                     0.91074E-02 
   PRESSURE-DROP CORRELATION PARAMETER                        11710.     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.53407E-04    0.60207E-07    0.58576E-02     97291.     
      NITROGEN         0.88768E-02    0.41595E-06    0.97464        
0.23431E+07 
      AMMONIA          0.25354E-02    0.25504E-02    0.89734E-03    0.35184     
      WATER            0.98847        0.99745        0.11718E-01    0.11748E-
01 
      CARBO-01         0.63459E-04    0.70059E-06    0.68916E-02     9836.8     
 
 BLOCK:  HX-304B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-312A   
   OUTLET STREAM:         S-312    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1241.79         1241.79         0.00000     
       MASS(LB/HR   )            22481.2         22481.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.152060E+09   -0.153812E+09    0.113920E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             3.46806      LB/HR            
    PRODUCT STREAMS CO2E          3.46806      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  HX-304B  MODEL: HEATER (CONTINUED)           
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        32.0000      
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    32.000     
   OUTLET PRESSURE       PSIA                                 58.008     
   HEAT DUTY             BTU/HR                             -0.17522E+07 
   OUTLET VAPOR FRACTION                                     0.90036E-02 
   PRESSURE-DROP CORRELATION PARAMETER                       0.11032E+07 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.53407E-04    0.19036E-07    0.59297E-02    
0.31150E+06 
      NITROGEN         0.88768E-02    0.65762E-07    0.98592        
0.14992E+08 
      AMMONIA          0.25354E-02    0.25571E-02    0.14363E-03    0.56168E-
01 
      WATER            0.98847        0.99744        0.10054E-02    0.10080E-
02 
      CARBO-01         0.63459E-04    0.39145E-06    0.70051E-02     17895.     
 
 BLOCK:  M-101    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-102       S-109    
   OUTLET STREAM:         S-103    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            28.7464         28.7464         0.00000     
       MASS(LB/HR   )            3340.34         3340.34         0.00000     
       ENTHALPY(BTU/HR  )      -0.204694E+07   -0.204694E+07   -0.494793E-13 
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 BLOCK:  M-101    MODEL: MIXER (CONTINUED)            
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-201    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-119       S-202    
   OUTLET STREAM:         S-203A   
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            122.233         122.233         0.00000     
       MASS(LB/HR   )            4313.94         4313.94        0.210827E-15 
       ENTHALPY(BTU/HR  )      -0.773225E+07   -0.773225E+07    0.183524E-06 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  M-202    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-209       S-211    
   OUTLET STREAM:         S-212    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22       -0.313878E-15 
       ENTHALPY(BTU/HR  )      -0.166063E+08   -0.166063E+08    0.476387E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-203    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-216       S-218    
   OUTLET STREAM:         S-219    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22       -0.156939E-15 
       ENTHALPY(BTU/HR  )      -0.166071E+08   -0.166071E+08    0.470319E-09 
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 BLOCK:  M-203    MODEL: MIXER (CONTINUED)            
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-204    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-223       S-225    
   OUTLET STREAM:         S-226    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22       -0.156939E-15 
       ENTHALPY(BTU/HR  )      -0.166049E+08   -0.166049E+08    0.217430E-08 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
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 BLOCK:  M-301    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-231       S-318       S-201    
   OUTLET STREAM:         S-301    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1259.04         1259.04         0.00000     
       MASS(LB/HR   )            25618.8         25618.8        0.426013E-15 
       ENTHALPY(BTU/HR  )      -0.155047E+09   -0.155047E+09   -0.592023E-13 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.365887      LB/HR            
    PRODUCT STREAMS CO2E         0.365887      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   50 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  N-301    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAMS:         S-304       S-303    
   OUTLET STREAM:         S-305    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         1259.04       1259.04     -0.165655E-15 -0.361187E-
15 
   MASS(LB/HR   )         25618.8       25618.8                   -0.426013E-
15 
   ENTHALPY(BTU/HR  )   -0.153808E+09 -0.153810E+09                0.969732E-
05 
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 BLOCK:  N-301    MODEL: RSTOIC (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.365887      LB/HR            
    PRODUCT STREAMS CO2E         0.365887      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    NIACINAM  -1.00    AMMONICO   1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER      1.00    NIACINAM   1.00    AMMONICO  -1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:NIACINAM CONV FRAC:  1.000     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:AMMONICO CONV FRAC:  1.000     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  77.0000      
   PRESSURE DROP         PSI                                 5.00000     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  N-301    MODEL: RSTOIC (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 15.000     
   HEAT DUTY             BTU/HR                              -1491.5     
   VAPOR FRACTION                                            0.35328E-03 
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  27.614     
      2                  27.614     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.52843E-05    0.60926E-07    0.14785E-01    
0.24268E+06 
      NITROGEN         0.59356E-07    0.30314E-10    0.16793E-03    
0.55395E+07 
      AMMONIA          0.24995E-02    0.24996E-02    0.20677E-02    0.82721     
      WATER            0.97492        0.97526        0.21653E-01    0.22202E-
01 
      CARBO-01         0.66033E-05    0.88085E-06    0.16199E-01     18390.     
      NIACINAM         0.21932E-01    0.21940E-01    0.11239E-04    0.51228E-
03 
      METDIAMI         0.24333E-07    0.39200E-09    0.67768E-04    
0.17288E+06 
      METHYLPI         0.21713E-03    0.29085E-04    0.53232         18302.     
      3-MET-01         0.19874E-03    0.11620E-03    0.23374         2011.5     
      NICOT-01         0.22129E-03    0.15811E-03    0.17899         1132.0     
 
 BLOCK:  P-101    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-101    
   OUTLET STREAM:         S-102    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE           
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 BLOCK:  P-101    MODEL: PUMP (CONTINUED)             
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            28.4590         28.4590         0.00000     
       MASS(LB/HR   )            3306.93         3306.93         0.00000     
       ENTHALPY(BTU/HR  )      -0.203415E+07   -0.203317E+07   -0.481539E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  43.5113      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          53.9515      
    PRESSURE CHANGE  PSI                                   29.0075      
    NPSH AVAILABLE   FT-LBF/LB                             34.0618      
    FLUID POWER  HP                                         0.11382     
    BRAKE POWER  HP                                         0.38497     
    ELECTRICITY  KW                                         0.28707     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.38497     
    HEAD DEVELOPED FT-LBF/LB                               68.1477      
 
 BLOCK:  P-102    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-108    
   OUTLET STREAM:         S-109    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  P-102    MODEL: PUMP (CONTINUED)             
    TOTAL BALANCE 
       MOLE(LBMOL/HR)           0.287465        0.287465         0.00000     
       MASS(LB/HR   )            33.4028         33.4028         0.00000     
       ENTHALPY(BTU/HR  )       -13787.0        -13777.3       -0.704878E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  43.5113      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                           0.67609     
    PRESSURE CHANGE  PSI                                   22.9654      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         0.0011292   
    BRAKE POWER  HP                                         0.0038193   
    ELECTRICITY  KW                                         0.0028481   
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.0038193   
    HEAD DEVELOPED FT-LBF/LB                               66.9359      
 
 BLOCK:  P-103    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-116    
   OUTLET STREAM:         S-117    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            66.6101         66.6101         0.00000     
       MASS(LB/HR   )            1200.00         1200.00         0.00000     
       ENTHALPY(BTU/HR  )      -0.825936E+07   -0.825747E+07   -0.228763E-03 
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 BLOCK:  P-103    MODEL: PUMP (CONTINUED)             
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 170.000       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          19.4761      
    PRESSURE CHANGE  PSI                                  155.000       
    NPSH AVAILABLE   FT-LBF/LB                             33.8472      
    FLUID POWER  HP                                         0.21955     
    BRAKE POWER  HP                                         0.74258     
    ELECTRICITY  KW                                         0.55374     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.74258     
    HEAD DEVELOPED FT-LBF/LB                              362.255       
 
 BLOCK:  P-201    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-210    
   OUTLET STREAM:         S-211    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            150.317         150.317         0.00000     
       MASS(LB/HR   )            5646.78         5646.78         0.00000     
       ENTHALPY(BTU/HR  )      -0.165700E+08   -0.165693E+08   -0.432513E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.261936      LB/HR            
    PRODUCT STREAMS CO2E         0.261936      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-201    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    PRESSURE CHANGE  PSI                                   15.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          76.3381      
    PRESSURE CHANGE  PSI                                   15.0000      
    NPSH AVAILABLE   FT-LBF/LB                             -0.0029243   
    FLUID POWER  HP                                         0.083278    
    BRAKE POWER  HP                                         0.28167     
    ELECTRICITY  KW                                         0.21004     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.28167     
    HEAD DEVELOPED FT-LBF/LB                               29.2008      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-202    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-217    
   OUTLET STREAM:         S-218    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            150.324         150.324         0.00000     
       MASS(LB/HR   )            5646.98         5646.98        0.161059E-15 
       ENTHALPY(BTU/HR  )      -0.165707E+08   -0.165700E+08   -0.432514E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.270835      LB/HR            
    PRODUCT STREAMS CO2E         0.270835      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-202    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    PRESSURE CHANGE  PSI                                   15.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          76.3413      
    PRESSURE CHANGE  PSI                                   15.0000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         0.083281    
    BRAKE POWER  HP                                         0.28168     
    ELECTRICITY  KW                                         0.21005     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.28168     
    HEAD DEVELOPED FT-LBF/LB                               29.2010      
 
 BLOCK:  P-203    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-224    
   OUTLET STREAM:         S-225    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            150.329         150.329         0.00000     
       MASS(LB/HR   )            5647.16         5647.16         0.00000     
       ENTHALPY(BTU/HR  )      -0.165713E+08   -0.165698E+08   -0.865050E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.279711      LB/HR            
    PRODUCT STREAMS CO2E         0.279711      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  P-203    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    PRESSURE CHANGE  PSI                                   30.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          76.3443      
    PRESSURE CHANGE  PSI                                   30.0000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         0.16657     
    BRAKE POWER  HP                                         0.56339     
    ELECTRICITY  KW                                         0.42012     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.56339     
    HEAD DEVELOPED FT-LBF/LB                               58.4023      
 
 BLOCK:  P-204    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-229    
   OUTLET STREAM:         S-230    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            150.449         150.449         0.00000     
       MASS(LB/HR   )            5650.33         5650.33       -0.321926E-15 
       ENTHALPY(BTU/HR  )      -0.167589E+08   -0.167575E+08   -0.838361E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.346806      LB/HR            
    PRODUCT STREAMS CO2E         0.346806      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-204    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    PRESSURE CHANGE  PSI                                   30.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                          74.8273      
    PRESSURE CHANGE  PSI                                   30.0000      
    NPSH AVAILABLE   FT-LBF/LB                             -0.0035963   
    FLUID POWER  HP                                         0.16326     
    BRAKE POWER  HP                                         0.55219     
    ELECTRICITY  KW                                         0.41177     
    PUMP EFFICIENCY USED                                    0.29566     
    NET WORK REQUIRED  HP                                   0.55219     
    HEAD DEVELOPED FT-LBF/LB                               57.2098      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-301    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-305    
   OUTLET STREAM:         S-306    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1259.04         1259.04         0.00000     
       MASS(LB/HR   )            25618.8         25618.8         0.00000     
       ENTHALPY(BTU/HR  )      -0.153810E+09   -0.153806E+09   -0.273118E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.365887      LB/HR            
    PRODUCT STREAMS CO2E         0.365887      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  P-301    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    PRESSURE CHANGE  PSI                                   24.9465      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         400.442       
    PRESSURE CHANGE  PSI                                   24.9465      
    NPSH AVAILABLE   FT-LBF/LB                           -213.682       
    FLUID POWER  HP                                         0.72652     
    BRAKE POWER  HP                                         1.65276     
    ELECTRICITY  KW                                         1.23247     
    PUMP EFFICIENCY USED                                    0.43958     
    NET WORK REQUIRED  HP                                   1.65276     
    HEAD DEVELOPED FT-LBF/LB                               56.1504      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  R-101    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-105    
   OUTLET STREAM:         S-106    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         28.7464       57.2054       28.4590       0.00000     
   MASS(LB/HR   )         3340.34       3340.35                   -0.477106E-
05 
   ENTHALPY(BTU/HR  )    -522590.      -974645.                    0.463815     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/27/2013  PAGE 69   
                              NIACIN PRODUCTION                                  
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  R-101    MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     AMMONIA    1.00    METDIAMI  -1.00    METHYLPI   1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    1 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:METDIAMI CONV FRAC: 0.9900     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 581.000       
   PRESSURE DROP         PSI                                 0.87023     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    581.00     
   OUTLET PRESSURE       PSIA                                 71.649     
   HEAT DUTY             BTU/HR                             -0.45205E+06 
   VAPOR FRACTION                                             1.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  28.459     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      AMMONIA          0.49749        0.89068E-01    0.49749         27.859     
      METDIAMI         0.50251E-02    0.13718E-01    0.50251E-02     1.8272     
      METHYLPI         0.49749        0.89721        0.49749         2.7657     
 
 BLOCK:  R-102    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-111    
   OUTLET STREAM:         S-112    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  R-102    MODEL: RSTOIC (CONTINUED)           
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         56.9179       141.441       84.5231      0.200944E-
15 
   MASS(LB/HR   )         3306.95       3307.12                   -0.507751E-
04 
   ENTHALPY(BTU/HR  )   -0.102115E+07  0.158151E+07                -1.64568     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     HYDROGEN   3.00    METHYLPI  -1.00    3-MET-01   1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    1 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:METHYLPI CONV FRAC: 0.9900     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 554.000       
   PRESSURE DROP         PSI                                20.3053      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
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                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    554.00     
   OUTLET PRESSURE       PSIA                                 42.214     
   HEAT DUTY             BTU/HR                              0.26027E+07 
   VAPOR FRACTION                                             1.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  28.174     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      HYDROGEN         0.59759        0.26382        0.59759         72.897     
      AMMONIA          0.20121        0.19839        0.20121         36.044     
      METDIAMI         0.22057E-06    0.84634E-06    0.22057E-06     8.2556     
      METHYLPI         0.20121E-02    0.59577E-02    0.20121E-02     10.616     
      3-MET-01         0.19920        0.53184        0.19920         11.738     
 
 BLOCK:  R-201    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAMS:         S-203       S-204    
   OUTLET STREAM:         S-205    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         168.530       182.512       13.9814       0.00000     
   MASS(LB/HR   )         5795.40       5795.40                   -0.156934E-
15 
   ENTHALPY(BTU/HR  )   -0.513239E+07 -0.110133E+08                0.533984     
IX. Appendix              Bains, Clark, Lowey, Soo 
 
 
 
210 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   03/27/2013  PAGE 72   
                              NIACIN PRODUCTION                                  
                              U-O-S BLOCK SECTION                                
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   7.43964      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         7.43964      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     OXYGEN    -1.50    AMMONIA   -1.00    WATER      3.00    3-MET-01  -1.00     
     NICOT-01   1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     OXYGEN    -15.5    NITROGEN   1.00    WATER      7.00    CARBO-01   12.0     
     3-MET-01  -2.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:3-MET-01 CONV FRAC: 0.9900     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:3-MET-01 CONV FRAC: 0.1000     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 626.000       
   PRESSURE DROP         PSI                                 0.87023     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
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                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    626.00     
   OUTLET PRESSURE       PSIA                                 29.130     
   HEAT DUTY             BTU/HR                             -0.58809E+07 
   VAPOR FRACTION                                             1.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  27.892     
      2                 0.14087E-01 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.23232E-01    0.61170E-02    0.23232E-01     91.523     
      NITROGEN         0.77185E-04    0.17977E-04    0.77185E-04     103.47     
      AMMONIA          0.25394E-04    0.12257E-04    0.25394E-04     49.930     
      WATER            0.81997        0.55663        0.81997         35.499     
      CARBO-01         0.92621E-03    0.32383E-03    0.92621E-03     68.927     
      METDIAMI         0.17093E-06    0.46285E-06    0.17093E-06     8.8998     
      METHYLPI         0.15593E-02    0.31949E-02    0.15593E-02     11.762     
      3-MET-01         0.13893E-02    0.25124E-02    0.13893E-02     13.326     
      NICOT-01         0.15283        0.43119        0.15283         8.5412     
 
 BLOCK:  R-202A   MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-206    
   OUTLET STREAM:         S-207    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
IX. Appendix              Bains, Clark, Lowey, Soo 
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   TOTAL BALANCE 
   MOLE(LBMOL/HR)         182.512       154.898      -27.6135       0.00000     
   MASS(LB/HR   )         5795.40       5795.22                    0.310661E-
04 
   ENTHALPY(BTU/HR  )   -0.154853E+08 -0.166128E+08                0.678664E-
01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    NIACINAM   1.00    NICOT-01  -1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    1 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:NICOT-01 CONV FRAC: 0.9900     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  77.0000      
   PRESSURE DROP         PSI                                 4.40000     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 14.730     
   HEAT DUTY             BTU/HR                             -0.11279E+07 
   VAPOR FRACTION                                            0.29574E-01 
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   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  27.614     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.53288E-04    0.92383         17337.     
      NITROGEN         0.90944E-04    0.20364E-07    0.30745E-02    
0.15097E+06 
      AMMONIA          0.29921E-04    0.29171E-04    0.54533E-04     1.8694     
      WATER            0.78787        0.81094        0.31000E-01    0.38227E-
01 
      CARBO-01         0.10913E-02    0.39595E-04    0.35602E-01     899.17     
      NIACINAM         0.17827        0.18370        0.37163E-06    0.20230E-
05 
      METDIAMI         0.20141E-06    0.19863E-06    0.29267E-06     1.4735     
      METHYLPI         0.18373E-02    0.17565E-02    0.44868E-02     2.5543     
      3-MET-01         0.16370E-02    0.16341E-02    0.17330E-02     1.0606     
      NICOT-01         0.18007E-02    0.18490E-02    0.21638E-03    0.11702     
 
 BLOCK:  R-202B   MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-213    
   OUTLET STREAM:         S-214    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         154.898       154.898       0.00000      0.183486E-
15 
   MASS(LB/HR   )         5795.22       5795.22                    0.156939E-
15 
   ENTHALPY(BTU/HR  )   -0.166135E+08 -0.166129E+08               -0.357740E-
04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
IX. Appendix              Bains, Clark, Lowey, Soo 
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   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER      1.00    NIACINAM  -1.00    NICOT-01   1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    NIACINAM   1.00    NICOT-01  -1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:NIACINAM CONV FRAC:  1.000     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:NICOT-01 CONV FRAC: 0.9900     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  77.0000      
   PRESSURE DROP         PSI                                 4.50000     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 15.230     
   HEAT DUTY             BTU/HR                               594.33     
   VAPOR FRACTION                                            0.29534E-01 
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  27.614     
      2                  27.614     
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.55167E-04    0.92503         16768.     
      NITROGEN         0.90944E-04    0.21084E-07    0.30786E-02    
0.14602E+06 
      AMMONIA          0.29921E-04    0.29224E-04    0.52848E-04     1.8084     
      WATER            0.78787        0.81093        0.29991E-01    0.36984E-
01 
      CARBO-01         0.10913E-02    0.40938E-04    0.35607E-01     869.77     
      NIACINAM         0.17827        0.18369        0.35976E-06    0.19585E-
05 
      METDIAMI         0.20141E-06    0.19890E-06    0.28368E-06     1.4262     
      METHYLPI         0.18373E-02    0.17607E-02    0.43526E-02     2.4721     
      3-MET-01         0.16370E-02    0.16357E-02    0.16789E-02     1.0264     
      NICOT-01         0.18007E-02    0.18491E-02    0.20945E-03    0.11327     
 
 BLOCK:  R-202C   MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-220    
   OUTLET STREAM:         S-221    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         154.898       154.898       0.00000      0.183486E-
15 
   MASS(LB/HR   )         5795.22       5795.22                    0.156939E-
15 
   ENTHALPY(BTU/HR  )   -0.166135E+08 -0.166130E+08               -0.334953E-
04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
IX. Appendix              Bains, Clark, Lowey, Soo 
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   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER      1.00    NIACINAM  -1.00    NICOT-01   1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    NIACINAM   1.00    NICOT-01  -1.00     
     SUBSTREAM CIPSD   : 
     NO PARTICIPATING COMPONENTS  
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:NIACINAM CONV FRAC:  1.000     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:NICOT-01 CONV FRAC: 0.9900     
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                  77.0000      
   PRESSURE DROP         PSI                                 4.50000     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SERIES REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 15.730     
   HEAT DUTY             BTU/HR                               556.47     
   VAPOR FRACTION                                            0.29496E-01 
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  27.614     
      2                  27.614     
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.57048E-04    0.92615         16235.     
      NITROGEN         0.90944E-04    0.21805E-07    0.30826E-02    
0.14137E+06 
      AMMONIA          0.29921E-04    0.29273E-04    0.51264E-04     1.7512     
      WATER            0.78787        0.81093        0.29047E-01    0.35819E-
01 
      CARBO-01         0.10913E-02    0.42280E-04    0.35608E-01     842.24     
      NIACINAM         0.17827        0.18369        0.34861E-06    0.18980E-
05 
      METDIAMI         0.20141E-06    0.19916E-06    0.27520E-06     1.3820     
      METHYLPI         0.18373E-02    0.17647E-02    0.42258E-02     2.3950     
      3-MET-01         0.16370E-02    0.16373E-02    0.16278E-02    0.99434     
      NICOT-01         0.18007E-02    0.18493E-02    0.20293E-03    0.10975     
 
 BLOCK:  SEP-201  MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-207    
   OUTLET VAPOR STREAM:   S-208    
   OUTLET LIQUID STREAM:  S-210    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898       -0.183486E-15 
       MASS(LB/HR   )            5795.22         5795.22        0.156939E-15 
       ENTHALPY(BTU/HR  )      -0.166128E+08   -0.166128E+08    0.169258E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
IX. Appendix              Bains, Clark, Lowey, Soo 
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                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 14.730     
   VAPOR FRACTION                                            0.29574E-01 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.53288E-04    0.92383         17337.     
      NITROGEN         0.90944E-04    0.20364E-07    0.30745E-02    
0.15097E+06 
      AMMONIA          0.29921E-04    0.29171E-04    0.54533E-04     1.8694     
      WATER            0.78787        0.81094        0.31000E-01    0.38227E-
01 
      CARBO-01         0.10913E-02    0.39595E-04    0.35602E-01     899.17     
      NIACINAM         0.17827        0.18370        0.37163E-06    0.20230E-
05 
      METDIAMI         0.20141E-06    0.19863E-06    0.29267E-06     1.4735     
      METHYLPI         0.18373E-02    0.17565E-02    0.44868E-02     2.5543     
      3-MET-01         0.16370E-02    0.16341E-02    0.17330E-02     1.0606     
      NICOT-01         0.18007E-02    0.18490E-02    0.21638E-03    0.11702     
 
 BLOCK:  SEP-202  MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-214    
   OUTLET VAPOR STREAM:   S-215    
   OUTLET LIQUID STREAM:  S-217    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22         0.00000     
       ENTHALPY(BTU/HR  )      -0.166129E+08   -0.166129E+08    0.183965E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   42 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 15.230     
   VAPOR FRACTION                                            0.29534E-01 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.55167E-04    0.92503         16768.     
      NITROGEN         0.90944E-04    0.21084E-07    0.30786E-02    
0.14602E+06 
      AMMONIA          0.29921E-04    0.29224E-04    0.52848E-04     1.8084     
      WATER            0.78787        0.81093        0.29991E-01    0.36984E-
01 
      CARBO-01         0.10913E-02    0.40938E-04    0.35607E-01     869.77     
      NIACINAM         0.17827        0.18369        0.35976E-06    0.19585E-
05 
      METDIAMI         0.20141E-06    0.19890E-06    0.28368E-06     1.4262     
      METHYLPI         0.18373E-02    0.17607E-02    0.43526E-02     2.4721     
      3-MET-01         0.16370E-02    0.16357E-02    0.16789E-02     1.0264     
      NICOT-01         0.18007E-02    0.18491E-02    0.20945E-03    0.11327     
 
 BLOCK:  SEP-203  MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-221    
   OUTLET VAPOR STREAM:   S-222    
   OUTLET LIQUID STREAM:  S-224    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            154.898         154.898         0.00000     
       MASS(LB/HR   )            5795.22         5795.22         0.00000     
       ENTHALPY(BTU/HR  )      -0.166130E+08   -0.166130E+08    0.199391E-09 
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 BLOCK:  SEP-203  MODEL: FLASH2 (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             7.43964      LB/HR            
    PRODUCT STREAMS CO2E          7.43964      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    77.000     
   OUTLET PRESSURE       PSIA                                 15.730     
   VAPOR FRACTION                                            0.29496E-01 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      OXYGEN           0.27373E-01    0.57046E-04    0.92615         16235.     
      NITROGEN         0.90944E-04    0.21804E-07    0.30826E-02    
0.14138E+06 
      AMMONIA          0.29921E-04    0.29273E-04    0.51264E-04     1.7512     
      WATER            0.78787        0.81093        0.29047E-01    0.35819E-
01 
      CARBO-01         0.10913E-02    0.42278E-04    0.35608E-01     842.24     
      NIACINAM         0.17827        0.18369        0.34864E-06    0.18980E-
05 
      METDIAMI         0.20141E-06    0.19916E-06    0.27524E-06     1.3820     
      METHYLPI         0.18373E-02    0.17647E-02    0.42264E-02     2.3950     
      3-MET-01         0.16370E-02    0.16373E-02    0.16280E-02    0.99434     
      NICOT-01         0.18007E-02    0.18493E-02    0.20296E-03    0.10975     
 
 BLOCK:  SP-201   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-118    
   OUTLET STREAMS:        S-202       S-201    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  SP-201   MODEL: FSPLIT (CONTINUED)           
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            94.8327         94.8327         0.00000     
       MASS(LB/HR   )            1681.80         1681.80        0.135196E-15 
       ENTHALPY(BTU/HR  )      -0.890837E+07   -0.890837E+07   -0.209089E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=S-202    FRAC=         0.98900     
 
                           ***  RESULTS  *** 
 
  STREAM= S-202          SPLIT=          0.98900     KEY=  0    STREAM-ORDER=   
1 
          S-201                          0.011000          0                    
2 
 
 BLOCK:  SP-301   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-317    
   OUTLET STREAMS:        S-319       S-318    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1230.61         1230.61         0.00000     
       MASS(LB/HR   )            22166.6         22166.6       -0.164120E-15 
       ENTHALPY(BTU/HR  )      -0.153794E+09   -0.153794E+09   -0.148026E-08 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.212006E-01  LB/HR            
    PRODUCT STREAMS CO2E         0.212006E-01  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   PSI                                     10.0000      
 
  FRACTION OF FLOW                 STRM=S-319    FRAC=         0.100000    
IX. Appendix              Bains, Clark, Lowey, Soo 
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 BLOCK:  SP-301   MODEL: FSPLIT (CONTINUED)           
 
                           ***  RESULTS  *** 
 
  STREAM= S-319          SPLIT=          0.100000    KEY=  0    STREAM-ORDER=   
1 
          S-318                          0.90000           0                    
2 
 
 BLOCK:  SP-302   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-313    
   OUTLET STREAMS:        S-315       S-314    
   PROPERTY OPTION SET:   RK-SOAVE  STANDARD RKS EQUATION OF STATE               
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            11.1805         11.1805         0.00000     
       MASS(LB/HR   )            314.592         314.592        0.180689E-15 
       ENTHALPY(BTU/HR  )       -18108.1        -18108.1        0.968382E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             3.44686      LB/HR            
    PRODUCT STREAMS CO2E          3.44686      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   PSI                                     10.0000      
 
  FRACTION OF FLOW                 STRM=S-314    FRAC=         0.100000    
 
                           ***  RESULTS  *** 
 
  STREAM= S-315          SPLIT=          0.90000     KEY=  0    STREAM-ORDER=   
2 
          S-314                          0.100000          0                    
1 
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 SUBSTREAM ATTR PSD TYPE: PSD                     
 ---------------------------- 
 
 INTERVAL     LOWER LIMIT           UPPER LIMIT 
     1          0.0     FT         6.5617-05  FT       
     2       6.5617-05  FT         1.3123-04  FT       
     3       1.3123-04  FT         1.9685-04  FT       
     4       1.9685-04  FT         2.6247-04  FT       
     5       2.6247-04  FT         3.2808-04  FT       
     6       3.2808-04  FT         3.9370-04  FT       
     7       3.9370-04  FT         4.5932-04  FT       
     8       4.5932-04  FT         5.2493-04  FT       
     9       5.2493-04  FT         5.9055-04  FT       
    10       5.9055-04  FT         6.5617-04  FT       
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 S-101 S-102 S-103 S-104 S-105                    
 ----------------------------- 
 
 STREAM ID               S-101      S-102      S-103      S-104      S-105    
 FROM :                  ----       P-101      M-101      HX-101     C-101    
 TO   :                  P-101      M-101      HX-101     C-101      R-101    
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               3306.9340  3306.9340  3340.3368  3340.3368  3340.3368 
   BTU/HR             -2.0341+06 -2.0332+06 -2.0469+06 -5.7939+05 -5.2259+05 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.0        0.0     1.1731-19  1.1731-19  1.1731-19 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI              28.4590    28.4590    28.7464    28.7464    28.7464 
   METHYLPI               0.0        0.0     3.1607-05  3.1607-05  3.1607-05 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.0        0.0     4.0808-21  4.0808-21  4.0808-21 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               1.0000     1.0000     1.0000     1.0000     1.0000 
   METHYLPI               0.0        0.0     1.0995-06  1.0995-06  1.0995-06 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.0        0.0     1.9978-18  1.9978-18  1.9978-18 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            3306.9340  3306.9340  3340.3337  3340.3337  3340.3337 
   METHYLPI               0.0        0.0     3.1344-03  3.1344-03  3.1344-03 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
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 S-101 S-102 S-103 S-104 S-105 (CONTINUED)            
 
 STREAM ID               S-101      S-102      S-103      S-104      S-105    
 
   AMMONIA                0.0        0.0     5.9810-22  5.9810-22  5.9810-22 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               1.0000     1.0000     1.0000     1.0000     1.0000 
   METHYLPI               0.0        0.0     9.3836-07  9.3836-07  9.3836-07 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              28.4590    28.4590    28.7464    28.7464    28.7464 
   LB/HR               3306.9340  3306.9340  3340.3368  3340.3368  3340.3368 
   CUFT/HR               53.9515    53.9621    54.6159  8642.4869  3915.2157 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.3730    81.1415   527.0000   560.2087 
   PRES   PSIA           14.5038    43.5113    43.5113    33.5113    72.5189 
   VFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   LFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -7.1476+04 -7.1442+04 -7.1207+04 -2.0155+04 -1.8179+04 
   BTU/LB              -615.1156  -614.8194  -612.7958  -173.4516  -156.4484 
   BTU/HR             -2.0341+06 -2.0332+06 -2.0469+06 -5.7939+05 -5.2259+05 
 ENTROPY:         
   BTU/LBMOL-R         -222.0035  -221.9648  -221.5284  -157.4434  -156.8990 
   BTU/LB-R              -1.9105    -1.9102    -1.9064    -1.3549    -1.3502 
 DENSITY:         
   LBMOL/CUFT             0.5275     0.5274     0.5263  3.3262-03  7.3422-03 
   LB/CUFT               61.2946    61.2825    61.1605     0.3865     0.8532 
 AVG MW                 116.2000   116.2000   116.2000   116.2000   116.2000 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-106 S-107 S-108 S-109 S-110                    
 ----------------------------- 
 
 STREAM ID               S-106      S-107      S-108      S-109      S-110    
 FROM :                  R-101      D-101      D-101      P-102      C-102    
 TO   :                  D-101      C-102      P-102      M-101      HX-102   
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 
 MAX CONV. ERROR:         0.0        0.0    -9.1223-06     0.0        0.0    
 TOTAL STREAM: 
   LB/HR               3340.3528  3306.9499    33.4028    33.4028  3306.9499 
   BTU/HR             -9.7465+05 -1.5017+06 -1.3787+04 -1.3777+04 -1.3141+06 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      MIXED      LIQUID     VAPOR   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA               28.4590    28.4590  1.1731-19  1.1731-19    28.4590 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.2875  3.1198-05     0.2874     0.2874  3.1198-05 
   METHYLPI              28.4590    28.4590  3.1607-05  3.1607-05    28.4590 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.4975     0.5000  4.0808-19  4.0808-19     0.5000 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            5.0251-03  5.4812-07     0.9999     0.9999  5.4812-07 
   METHYLPI               0.4975     0.5000  1.0995-04  1.0995-04     0.5000 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA              484.6719   484.6719  1.9978-18  1.9978-18   484.6719 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI              33.4033  3.6252-03    33.3997    33.3997  3.6252-03 
   METHYLPI            2822.2775  2822.2744  3.1344-03  3.1344-03  2822.2744 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
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 S-106 S-107 S-108 S-109 S-110 (CONTINUED)            
 
 STREAM ID               S-106      S-107      S-108      S-109      S-110    
 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.1451     0.1466  5.9811-20  5.9811-20     0.1466 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            9.9999-03  1.0962-06     0.9999     0.9999  1.0962-06 
   METHYLPI               0.8449     0.8534  9.3838-05  9.3838-05     0.8534 
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              57.2054    56.9179     0.2875     0.2875    56.9179 
   LB/HR               3340.3528  3306.9499    33.4028    33.4028  3306.9499 
   CUFT/HR             8706.5292  2.9720+04     0.6761     0.6763  6847.9515 
 STATE VARIABLES: 
   TEMP   F             581.0000   266.2846   402.3192   402.6851   393.1779 
   PRES   PSIA           71.6486    14.6959    20.5459    43.5113    72.5189 
   VFRAC                  1.0000     1.0000  1.2289-08     0.0        1.0000 
   LFRAC                  0.0        0.0        1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.7038+04 -2.6384+04 -4.7961+04 -4.7927+04 -2.3088+04 
   BTU/LB              -291.7791  -454.1038  -412.7500  -412.4590  -397.3751 
   BTU/HR             -9.7465+05 -1.5017+06 -1.3787+04 -1.3777+04 -1.3141+06 
 ENTROPY:         
   BTU/LBMOL-R          -79.2776   -86.4713  -188.1311  -188.1068   -85.3726 
   BTU/LB-R              -1.3577    -1.4883    -1.6191    -1.6188    -1.4694 
 DENSITY:         
   LBMOL/CUFT          6.5704-03  1.9151-03     0.4252     0.4251  8.3117-03 
   LB/CUFT                0.3837     0.1113    49.4057    49.3902     0.4829 
 AVG MW                  58.3923    58.1003   116.1981   116.1981    58.1003 
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 S-111 S-112 S-113 S-114 S-115                    
 ----------------------------- 
 
 STREAM ID               S-111      S-112      S-113      S-114      S-115    
 FROM :                  HX-102     R-102      A-101      C-103      A-102    
 TO   :                  R-102      A-101      C-103      A-102      ----     
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               3306.9499  3307.1178   656.4753   656.4753   174.6730 
   BTU/HR             -1.0212+06  1.5815+06 -6.1968+05 -3.6190+05 -1.1704+05 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0       84.5231    84.5231    84.5231    84.5231 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA               28.4590    28.4590    28.4590    28.4590     0.2516 
   WATER                  0.0        0.0        0.0        0.0     4.9598-11 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            3.1198-05  3.1198-05  3.1756-19  3.1756-19     0.0    
   METHYLPI              28.4590     0.2846  1.4805-06  1.4805-06  3.1187-08 
   3-MET-01               0.0       28.1744  1.5192-02  1.5192-02  7.5508-08 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.5976     0.7480     0.7480     0.9970 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.5000     0.2012     0.2519     0.2519  2.9677-03 
   WATER                  0.0        0.0        0.0        0.0     5.8506-13 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            5.4812-07  2.2057-07  2.8103-21  2.8103-21     0.0    
   METHYLPI               0.5000  2.0121-03  1.3103-08  1.3103-08  3.6788-10 
   3-MET-01               0.0        0.1992  1.3445-04  1.3445-04  8.9070-10 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0      170.3884   170.3884   170.3884   170.3884 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA              484.6719   484.6719   484.6719   484.6719     4.2846 
   WATER                  0.0        0.0        0.0        0.0     8.9352-10 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            3.6252-03  3.6252-03  3.6900-17  3.6900-17     0.0    
   METHYLPI            2822.2744    28.2227  1.4683-04  1.4683-04  3.0928-06 
   3-MET-01               0.0     2623.8311     1.4148     1.4148  7.0320-06 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0     5.1522-02     0.2596     0.2596     0.9755 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
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 S-111 S-112 S-113 S-114 S-115 (CONTINUED)            
 
 STREAM ID               S-111      S-112      S-113      S-114      S-115    
 
   AMMONIA                0.1466     0.1466     0.7383     0.7383  2.4529-02 
   WATER                  0.0        0.0        0.0        0.0     5.1154-12 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI            1.0962-06  1.0962-06  5.6209-20  5.6209-20     0.0    
   METHYLPI               0.8534  8.5339-03  2.2366-07  2.2366-07  1.7706-08 
   3-MET-01               0.0        0.7934  2.1552-03  2.1552-03  4.0258-08 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              56.9179   141.4410   112.9972   112.9972    84.7747 
   LB/HR               3306.9499  3307.1178   656.4753   656.4753   174.6730 
   CUFT/HR             9682.3015  3.6436+04  1.4104+04  5536.6433  1844.5556 
 STATE VARIABLES: 
   TEMP   F             554.0000   554.0000     5.9902   313.6720  -117.8784 
   PRES   PSIA           62.5189    42.2136    40.0000   170.0000   170.0000 
   VFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   LFRAC                  0.0        0.0        0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.7941+04  1.1181+04 -5483.9974 -3202.7557 -1380.6474 
   BTU/LB              -308.7899   478.2133  -943.9450  -551.2813  -670.0745 
   BTU/HR             -1.0212+06  1.5815+06 -6.1968+05 -3.6190+05 -1.1704+05 
 ENTROPY:         
   BTU/LBMOL-R          -79.5689    -9.6793    -7.8642    -6.9901    -7.9663 
   BTU/LB-R              -1.3695    -0.4140    -1.3536    -1.2032    -3.8663 
 DENSITY:         
   LBMOL/CUFT          5.8786-03  3.8819-03  8.0117-03  2.0409-02  4.5959-02 
   LB/CUFT                0.3415  9.0765-02  4.6545-02     0.1186  9.4697-02 
 AVG MW                  58.1003    23.3816     5.8097     5.8097     2.0604 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-116 S-117 S-118 S-119 S-201                    
 ----------------------------- 
 
 STREAM ID               S-116      S-117      S-118      S-119      S-201    
 FROM :                  ----       P-103      A-102      A-101      SP-201   
 TO   :                  P-103      A-102      SP-201     M-201      M-301    
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               1200.0000  1200.0000  1681.8023  2650.6425    18.4998 
   BTU/HR             -8.2594+06 -8.2575+06 -8.9084+06  1.0781+06 -9.7992+04 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0     1.5060-14  7.6711-14  1.6566-16 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.0        0.0       28.2074  1.0772-07     0.3103 
   WATER                 66.6101    66.6101    66.6101     0.0        0.7327 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0     3.1198-05     0.0    
   METHYLPI               0.0        0.0     1.4494-06     0.2846  1.5943-08 
   3-MET-01               0.0        0.0     1.5192-02    28.1592  1.6711-04 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0     1.5880-16  2.6969-15  1.5880-16 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.0        0.0        0.2974  3.7871-09     0.2974 
   WATER                  1.0000     1.0000     0.7024     0.0        0.7024 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0     1.0968-06     0.0    
   METHYLPI               0.0        0.0     1.5283-08  1.0005-02  1.5283-08 
   3-MET-01               0.0        0.0     1.6020-04     0.9900  1.6020-04 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0     3.0358-14  1.5464-13  3.3394-16 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
   AMMONIA                0.0        0.0      480.3873  1.8345-06     5.2843 
   WATER               1200.0000  1200.0000  1200.0000     0.0       13.2000 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0     3.6252-03     0.0    
   METHYLPI               0.0        0.0     1.4373-04    28.2226  1.5811-06 
   3-MET-01               0.0        0.0        1.4148  2622.4163  1.5563-02 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.0        0.0        0.0        0.0        0.0    
   HYDROGEN               0.0        0.0     1.8051-17  5.8341-17  1.8051-17 
   NITROGEN               0.0        0.0        0.0        0.0        0.0    
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 S-116 S-117 S-118 S-119 S-201 (CONTINUED)            
 
 STREAM ID               S-116      S-117      S-118      S-119      S-201    
 
   AMMONIA                0.0        0.0        0.2856  6.9211-10     0.2856 
   WATER                  1.0000     1.0000     0.7135     0.0        0.7135 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0     1.3677-06     0.0    
   METHYLPI               0.0        0.0     8.5464-08  1.0647-02  8.5464-08 
   3-MET-01               0.0        0.0     8.4125-04     0.9894  8.4125-04 
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              66.6101    66.6101    94.8327    28.4438     1.0432 
   LB/HR               1200.0000  1200.0000  1681.8023  2650.6425    18.4998 
   CUFT/HR               19.4761    19.4862    35.1089    53.5694     0.3862 
 STATE VARIABLES: 
   TEMP   F              90.0000    90.9526   224.7170   366.2599   224.7170 
   PRES   PSIA           15.0000   170.0000   170.0000    40.0000   170.0000 
   VFRAC                  0.0        0.0     5.1152-06  4.4361-07  5.1152-06 
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2400+05 -1.2397+05 -9.3938+04  3.7904+04 -9.3938+04 
   BTU/LB             -6882.7988 -6881.2243 -5296.9162   406.7394 -5296.9162 
   BTU/HR             -8.2594+06 -8.2575+06 -8.9084+06  1.0781+06 -9.7992+04 
 ENTROPY:         
   BTU/LBMOL-R          -40.3951   -40.3635   -37.1520   -71.4089   -37.1520 
   BTU/LB-R              -2.2423    -2.2405    -2.0949    -0.7663    -2.0949 
 DENSITY:         
   LBMOL/CUFT             3.4201     3.4183     2.7011     0.5310     2.7011 
   LB/CUFT               61.6141    61.5820    47.9024    49.4806    47.9024 
 AVG MW                  18.0153    18.0153    17.7344    93.1888    17.7344 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-202 S-203 S-203A S-204 S-205                   
 ------------------------------ 
 
 STREAM ID               S-202      S-203      S-203A     S-204      S-205    
 FROM :                  SP-201     HX-201     M-201      ----       R-201    
 TO   :                  M-201      R-201      HX-201     R-201      HX-202A  
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               1663.3024  4313.9450  4313.9450  1481.4509  5795.3959 
   BTU/HR             -8.8104+06 -5.1319+06 -7.7323+06  -444.5190 -1.1013+07 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      VAPOR      MIXED      VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 0.0        0.0        0.0       46.2971     4.2400 
   HYDROGEN            1.4894-14  9.1605-14  9.1605-14     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0     1.4087-02 
   AMMONIA               27.8971    27.8971    27.8971     0.0     4.6348-03 
   WATER                 65.8774    65.8774    65.8774     0.0      149.6534 
   CARBO-01               0.0        0.0        0.0        0.0        0.1690 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0     3.1198-05  3.1198-05     0.0     3.1198-05 
   METHYLPI            1.4334-06     0.2846     0.2846     0.0        0.2846 
   3-MET-01            1.5025-02    28.1742    28.1742     0.0        0.2536 
   NICOT-01               0.0        0.0        0.0        0.0       27.8925 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.0        0.0        0.0        1.0000  2.3232-02 
   HYDROGEN            1.5880-16  7.4943-16  7.4943-16     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0     7.7185-05 
   AMMONIA                0.2974     0.2282     0.2282     0.0     2.5394-05 
   WATER                  0.7024     0.5389     0.5389     0.0        0.8200 
   CARBO-01               0.0        0.0        0.0        0.0     9.2621-04 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0     2.5523-07  2.5523-07     0.0     1.7093-07 
   METHYLPI            1.5283-08  2.3282-03  2.3282-03     0.0     1.5593-03 
   3-MET-01            1.6020-04     0.2305     0.2305     0.0     1.3893-03 
   NICOT-01               0.0        0.0        0.0        0.0        0.1528 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.0        0.0        0.0     1481.4509   135.6763 
   HYDROGEN            3.0024-14  1.8466-13  1.8466-13     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0        0.3946 
   AMMONIA              475.1030   475.1031   475.1031     0.0     7.8933-02 
   WATER               1186.8000  1186.8000  1186.8000     0.0     2696.0476 
   CARBO-01               0.0        0.0        0.0        0.0        7.4396 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0     3.6252-03  3.6252-03     0.0     3.6252-03 
   METHYLPI            1.4215-04    28.2227    28.2227     0.0       28.2227 
   3-MET-01               1.3993  2623.8156  2623.8156     0.0       23.6143 
   NICOT-01               0.0        0.0        0.0        0.0     2903.9180 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.0        0.0        0.0        1.0000  2.3411-02 
   HYDROGEN            1.8051-17  4.2806-17  4.2806-17     0.0        0.0    
   NITROGEN               0.0        0.0        0.0        0.0     6.8093-05 
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 S-202 S-203 S-203A S-204 S-205 (CONTINUED)           
 
 STREAM ID               S-202      S-203      S-203A     S-204      S-205    
 
   AMMONIA                0.2856     0.1101     0.1101     0.0     1.3620-05 
   WATER                  0.7135     0.2751     0.2751     0.0        0.4652 
   CARBO-01               0.0        0.0        0.0        0.0     1.2837-03 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0     8.4034-07  8.4034-07     0.0     6.2553-07 
   METHYLPI            8.5464-08  6.5422-03  6.5422-03     0.0     4.8699-03 
   3-MET-01            8.4125-04     0.6082     0.6082     0.0     4.0747-03 
   NICOT-01               0.0        0.0        0.0        0.0        0.5011 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              93.7895   122.2333   122.2333    46.2971   182.5118 
   LB/HR               1663.3024  4313.9450  4313.9450  1481.4509  5795.3959 
   CUFT/HR               34.7227  4.7201+04  1287.3168  6748.4266  7.2571+04 
 STATE VARIABLES: 
   TEMP   F             224.7170   626.0000   158.8554    77.0000   626.0000 
   PRES   PSIA          170.0000    30.0000    40.0000    39.4503    29.1298 
   VFRAC               5.1152-06     1.0000  6.0995-02     1.0000     1.0000 
   LFRAC                  1.0000     0.0        0.9390     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -9.3938+04 -4.1985+04 -6.3258+04    -9.6014 -6.0343+04 
   BTU/LB             -5296.9162 -1189.6179 -1792.3860    -0.3001 -1900.3591 
   BTU/HR             -8.8104+06 -5.1319+06 -7.7323+06  -444.5190 -1.1013+07 
 ENTROPY:         
   BTU/LBMOL-R          -37.1520   -15.0794   -45.0383    -1.9758    -3.7817 
   BTU/LB-R              -2.0949    -0.4273    -1.2761 -6.1746-02    -0.1191 
 DENSITY:         
   LBMOL/CUFT             2.7011  2.5896-03  9.4952-02  6.8604-03  2.5149-03 
   LB/CUFT               47.9024  9.1395-02     3.3511     0.2195  7.9858-02 
 AVG MW                  17.7344    35.2927    35.2927    31.9988    31.7535 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-206 S-206A S-207 S-208 S-209                   
 ------------------------------ 
 
 STREAM ID               S-206      S-206A     S-207      S-208      S-209    
 FROM :                  HX-202B    HX-202A    R-202A     SEP-201    B-201    
 TO   :                  R-202A     HX-202B    SEP-201    B-201      M-202    
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               5795.3959  5795.3959  5795.2158   148.4361   148.4361 
   BTU/HR             -1.5485+07 -1.5390+07 -1.6613+07 -4.2756+04 -3.6942+04 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      MIXED      VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 4.2400     4.2400     4.2400     4.2320     4.2320 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            1.4087-02  1.4087-02  1.4087-02  1.4084-02  1.4084-02 
   AMMONIA             4.6348-03  4.6348-03  4.6348-03  2.4981-04  2.4981-04 
   WATER                149.6534   149.6534   122.0399     0.1420     0.1420 
   CARBO-01               0.1690     0.1690     0.1690     0.1631     0.1631 
   NIACINAM               0.0        0.0       27.6135  1.7024-06  1.7024-06 
   METDIAMI            3.1198-05  3.1198-05  3.1198-05  1.3407-06  1.3407-06 
   METHYLPI               0.2846     0.2846     0.2846  2.0554-02  2.0554-02 
   3-MET-01               0.2536     0.2536     0.2536  7.9390-03  7.9390-03 
   NICOT-01              27.8925    27.8925     0.2789  9.9121-04  9.9121-04 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              2.3232-02  2.3232-02  2.7373-02     0.9238     0.9238 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            7.7185-05  7.7185-05  9.0944-05  3.0745-03  3.0745-03 
   AMMONIA             2.5394-05  2.5394-05  2.9921-05  5.4533-05  5.4533-05 
   WATER                  0.8200     0.8200     0.7879  3.1000-02  3.1000-02 
   CARBO-01            9.2621-04  9.2621-04  1.0913-03  3.5602-02  3.5602-02 
   NIACINAM               0.0        0.0        0.1783  3.7163-07  3.7163-07 
   METDIAMI            1.7093-07  1.7093-07  2.0141-07  2.9267-07  2.9267-07 
   METHYLPI            1.5593-03  1.5593-03  1.8373-03  4.4868-03  4.4868-03 
   3-MET-01            1.3893-03  1.3893-03  1.6370-03  1.7330-03  1.7330-03 
   NICOT-01               0.1528     0.1528  1.8007-03  2.1638-04  2.1638-04 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN               135.6763   135.6763   135.6763   135.4200   135.4200 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.3946     0.3946     0.3946     0.3945     0.3945 
   AMMONIA             7.8933-02  7.8933-02  7.8933-02  4.2545-03  4.2545-03 
   WATER               2696.0476  2696.0476  2198.5821     2.5583     2.5583 
   CARBO-01               7.4396     7.4396     7.4396     7.1777     7.1777 
   NIACINAM               0.0        0.0     3372.1643  2.0790-04  2.0790-04 
   METDIAMI            3.6252-03  3.6252-03  3.6252-03  1.5579-04  1.5579-04 
   METHYLPI              28.2227    28.2227    28.2227     2.0383     2.0383 
   3-MET-01              23.6143    23.6143    23.6143     0.7393     0.7393 
   NICOT-01            2903.9180  2903.9180    29.0392     0.1032     0.1032 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              2.3411-02  2.3411-02  2.3412-02     0.9123     0.9123 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            6.8093-05  6.8093-05  6.8096-05  2.6580-03  2.6580-03 
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 S-206 S-206A S-207 S-208 S-209 (CONTINUED)           
 
 STREAM ID               S-206      S-206A     S-207      S-208      S-209    
 
   AMMONIA             1.3620-05  1.3620-05  1.3620-05  2.8662-05  2.8662-05 
   WATER                  0.4652     0.4652     0.3794  1.7235-02  1.7235-02 
   CARBO-01            1.2837-03  1.2837-03  1.2838-03  4.8356-02  4.8356-02 
   NIACINAM               0.0        0.0        0.5819  1.4006-06  1.4006-06 
   METDIAMI            6.2553-07  6.2553-07  6.2554-07  1.0495-06  1.0495-06 
   METHYLPI            4.8699-03  4.8699-03  4.8700-03  1.3732-02  1.3732-02 
   3-MET-01            4.0747-03  4.0747-03  4.0748-03  4.9809-03  4.9809-03 
   NICOT-01               0.5011     0.5011  5.0109-03  6.9522-04  6.9522-04 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR             182.5118   182.5118   154.8983     4.5810     4.5810 
   LB/HR               5795.3959  5795.3959  5795.2158   148.4361   148.4361 
   CUFT/HR             1457.4053  1245.1048  1865.6338  1789.2957  1094.1083 
 STATE VARIABLES: 
   TEMP   F              77.0000   100.0000    77.0000    77.0000   249.4160 
   PRES   PSIA           19.1298    24.1298    14.7298    14.7298    31.8503 
   VFRAC               2.4904-02  2.5426-02  2.9574-02     1.0000     1.0000 
   LFRAC                  0.9751     0.9746     0.9704     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -8.4846+04 -8.4324+04 -1.0725+05 -9333.3538 -8064.2282 
   BTU/LB             -2672.0078 -2655.5837 -2866.6394  -288.0411  -248.8740 
   BTU/HR             -1.5485+07 -1.5390+07 -1.6613+07 -4.2756+04 -3.6942+04 
 ENTROPY:         
   BTU/LBMOL-R          -38.1308   -37.1920   -52.1945    -0.4678  5.0892-02 
   BTU/LB-R              -1.2008    -1.1713    -1.3951 -1.4437-02  1.5706-03 
 DENSITY:         
   LBMOL/CUFT             0.1252     0.1466  8.3027-02  2.5602-03  4.1869-03 
   LB/CUFT                3.9765     4.6545     3.1063  8.2958-02     0.1357 
 AVG MW                  31.7535    31.7535    37.4130    32.4028    32.4028 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-210 S-211 S-212 S-213 S-214                    
 ----------------------------- 
 
 STREAM ID               S-210      S-211      S-212      S-213      S-214    
 FROM :                  SEP-201    P-201      M-202      HX-203     R-202B   
 TO   :                  P-201      M-202      HX-203     R-202B     SEP-202  
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               5646.7798  5646.7798  5795.2158  5795.2158  5795.2158 
   BTU/HR             -1.6570+07 -1.6569+07 -1.6606+07 -1.6613+07 -1.6613+07 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   OXYGEN              8.0101-03  8.0101-03     4.2400     4.2400     4.2400 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            3.0611-06  3.0611-06  1.4087-02  1.4087-02  1.4087-02 
   AMMONIA             4.3849-03  4.3849-03  4.6348-03  4.6348-03  4.6348-03 
   WATER                121.8978   121.8978   122.0399   122.0399   122.0399 
   CARBO-01            5.9518-03  5.9518-03     0.1690     0.1690     0.1690 
   NIACINAM              27.6135    27.6135    27.6135    27.6135    27.6135 
   METDIAMI            2.9857-05  2.9857-05  3.1198-05  3.1198-05  3.1198-05 
   METHYLPI               0.2640     0.2640     0.2846     0.2846     0.2846 
   3-MET-01               0.2456     0.2456     0.2536     0.2536     0.2536 
   NICOT-01               0.2779     0.2779     0.2789     0.2789     0.2789 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              5.3288-05  5.3288-05  2.7373-02  2.7373-02  2.7373-02 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            2.0364-08  2.0364-08  9.0944-05  9.0944-05  9.0944-05 
   AMMONIA             2.9171-05  2.9171-05  2.9921-05  2.9921-05  2.9921-05 
   WATER                  0.8109     0.8109     0.7879     0.7879     0.7879 
   CARBO-01            3.9595-05  3.9595-05  1.0913-03  1.0913-03  1.0913-03 
   NIACINAM               0.1837     0.1837     0.1783     0.1783     0.1783 
   METDIAMI            1.9863-07  1.9863-07  2.0141-07  2.0141-07  2.0141-07 
   METHYLPI            1.7565-03  1.7565-03  1.8373-03  1.8373-03  1.8373-03 
   3-MET-01            1.6341-03  1.6341-03  1.6370-03  1.6370-03  1.6370-03 
   NICOT-01            1.8490-03  1.8490-03  1.8007-03  1.8007-03  1.8007-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.2563     0.2563   135.6763   135.6763   135.6763 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            8.5752-05  8.5752-05     0.3946     0.3946     0.3946 
   AMMONIA             7.4678-02  7.4678-02  7.8933-02  7.8933-02  7.8933-02 
   WATER               2196.0238  2196.0238  2198.5821  2198.5821  2198.5821 
   CARBO-01               0.2619     0.2619     7.4396     7.4396     7.4396 
   NIACINAM            3372.1641  3372.1641  3372.1643  3372.1643  3372.1643 
   METDIAMI            3.4694-03  3.4694-03  3.6252-03  3.6252-03  3.6252-03 
   METHYLPI              26.1844    26.1844    28.2227    28.2227    28.2227 
   3-MET-01              22.8750    22.8750    23.6143    23.6143    23.6143 
   NICOT-01              28.9360    28.9360    29.0392    29.0392    29.0392 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              4.5391-05  4.5391-05  2.3412-02  2.3412-02  2.3412-02 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            1.5186-08  1.5186-08  6.8096-05  6.8096-05  6.8096-05 
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 S-210 S-211 S-212 S-213 S-214 (CONTINUED)            
 
 STREAM ID               S-210      S-211      S-212      S-213      S-214    
 
   AMMONIA             1.3225-05  1.3225-05  1.3620-05  1.3620-05  1.3620-05 
   WATER                  0.3889     0.3889     0.3794     0.3794     0.3794 
   CARBO-01            4.6387-05  4.6387-05  1.2838-03  1.2838-03  1.2838-03 
   NIACINAM               0.5972     0.5972     0.5819     0.5819     0.5819 
   METDIAMI            6.1440-07  6.1440-07  6.2554-07  6.2554-07  6.2554-07 
   METHYLPI            4.6371-03  4.6371-03  4.8700-03  4.8700-03  4.8700-03 
   3-MET-01            4.0510-03  4.0510-03  4.0748-03  4.0748-03  4.0748-03 
   NICOT-01            5.1243-03  5.1243-03  5.0109-03  5.0109-03  5.0109-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR             150.3174   150.3174   154.8983   154.8983   154.8983 
   LB/HR               5646.7798  5646.7798  5795.2158  5795.2158  5795.2158 
   CUFT/HR               76.3381    76.3426   946.9293  1397.6407  1804.4997 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.1252    78.9689    77.0000    77.0000 
   PRES   PSIA           14.7298    29.7298    29.7298    19.7298    15.2298 
   VFRAC                  0.0        0.0     2.8952-02  2.9258-02  2.9534-02 
   LFRAC                  1.0000     1.0000     0.9710     0.9707     0.9705 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.1023+05 -1.1023+05 -1.0721+05 -1.0725+05 -1.0725+05 
   BTU/LB             -2934.4226 -2934.2957 -2865.5125 -2866.7578 -2866.6553 
   BTU/HR             -1.6570+07 -1.6569+07 -1.6606+07 -1.6613+07 -1.6613+07 
 ENTROPY:         
   BTU/LBMOL-R          -53.7709   -53.7656   -52.1603   -52.2210   -52.1977 
   BTU/LB-R              -1.4314    -1.4312    -1.3942    -1.3958    -1.3952 
 DENSITY:         
   LBMOL/CUFT             1.9691     1.9690     0.1636     0.1108  8.5840-02 
   LB/CUFT               73.9706    73.9663     6.1200     4.1464     3.2115 
 AVG MW                  37.5657    37.5657    37.4130    37.4130    37.4130 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-215 S-216 S-217 S-218 S-219                    
 ----------------------------- 
 
 STREAM ID               S-215      S-216      S-217      S-218      S-219    
 FROM :                  SEP-202    B-202      SEP-202    P-202      M-203    
 TO   :                  B-202      M-203      P-202      M-203      HX-204   
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR                148.2402   148.2402  5646.9756  5646.9756  5795.2158 
   BTU/HR             -4.2211+04 -3.7111+04 -1.6571+07 -1.6570+07 -1.6607+07 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     LIQUID     MIXED   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 4.2318     4.2318  8.2929-03  8.2929-03     4.2400 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            1.4084-02  1.4084-02  3.1694-06  3.1694-06  1.4087-02 
   AMMONIA             2.4176-04  2.4176-04  4.3930-03  4.3930-03  4.6348-03 
   WATER                  0.1372     0.1372   121.9027   121.9027   122.0399 
   CARBO-01               0.1629     0.1629  6.1540-03  6.1540-03     0.1690 
   NIACINAM            1.6458-06  1.6458-06    27.6135    27.6135    27.6135 
   METDIAMI            1.2978-06  1.2978-06  2.9900-05  2.9900-05  3.1198-05 
   METHYLPI            1.9912-02  1.9912-02     0.2647     0.2647     0.2846 
   3-MET-01            7.6803-03  7.6803-03     0.2459     0.2459     0.2536 
   NICOT-01            9.5816-04  9.5816-04     0.2780     0.2780     0.2789 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.9250     0.9250  5.5167-05  5.5167-05  2.7373-02 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            3.0786-03  3.0786-03  2.1084-08  2.1084-08  9.0944-05 
   AMMONIA             5.2848-05  5.2848-05  2.9224-05  2.9224-05  2.9921-05 
   WATER               2.9991-02  2.9991-02     0.8109     0.8109     0.7879 
   CARBO-01            3.5607-02  3.5607-02  4.0938-05  4.0938-05  1.0913-03 
   NIACINAM            3.5976-07  3.5976-07     0.1837     0.1837     0.1783 
   METDIAMI            2.8368-07  2.8368-07  1.9890-07  1.9890-07  2.0141-07 
   METHYLPI            4.3526-03  4.3526-03  1.7607-03  1.7607-03  1.8373-03 
   3-MET-01            1.6789-03  1.6789-03  1.6357-03  1.6357-03  1.6370-03 
   NICOT-01            2.0945-04  2.0945-04  1.8491-03  1.8491-03  1.8007-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN               135.4110   135.4110     0.2654     0.2654   135.6763 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.3945     0.3945  8.8787-05  8.8787-05     0.3946 
   AMMONIA             4.1174-03  4.1174-03  7.4815-02  7.4815-02  7.8933-02 
   WATER                  2.4717     2.4717  2196.1104  2196.1104  2198.5821 
   CARBO-01               7.1688     7.1688     0.2708     0.2708     7.4396 
   NIACINAM            2.0098-04  2.0098-04  3372.1641  3372.1641  3372.1643 
   METDIAMI            1.5080-04  1.5080-04  3.4744-03  3.4744-03  3.6252-03 
   METHYLPI               1.9747     1.9747    26.2481    26.2481    28.2227 
   3-MET-01               0.7153     0.7153    22.8991    22.8991    23.6143 
   NICOT-01            9.9755-02  9.9755-02    28.9394    28.9394    29.0392 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.9135     0.9135  4.6992-05  4.6992-05  2.3412-02 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            2.6615-03  2.6615-03  1.5723-08  1.5723-08  6.8096-05 
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 S-215 S-216 S-217 S-218 S-219 (CONTINUED)            
 
 STREAM ID               S-215      S-216      S-217      S-218      S-219    
 
   AMMONIA             2.7775-05  2.7775-05  1.3249-05  1.3249-05  1.3620-05 
   WATER               1.6674-02  1.6674-02     0.3889     0.3889     0.3794 
   CARBO-01            4.8359-02  4.8359-02  4.7961-05  4.7961-05  1.2838-03 
   NIACINAM            1.3558-06  1.3558-06     0.5972     0.5972     0.5819 
   METDIAMI            1.0173-06  1.0173-06  6.1526-07  6.1526-07  6.2554-07 
   METHYLPI            1.3321-02  1.3321-02  4.6482-03  4.6482-03  4.8700-03 
   3-MET-01            4.8250-03  4.8250-03  4.0551-03  4.0551-03  4.0748-03 
   NICOT-01            6.7293-04  6.7293-04  5.1248-03  5.1248-03  5.0109-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR               4.5747     4.5747   150.3236   150.3236   154.8983 
   LB/HR                148.2402   148.2402  5646.9756  5646.9756  5795.2158 
   CUFT/HR             1728.1584  1117.7900    76.3413    76.3458   931.7176 
 STATE VARIABLES: 
   TEMP   F              77.0000   228.9080    77.0000    77.1252    78.7705 
   PRES   PSIA           15.2298    30.2298    15.2298    30.2298    30.2298 
   VFRAC                  1.0000     1.0000     0.0        0.0     2.8936-02 
   LFRAC                  0.0        0.0        1.0000     1.0000     0.9711 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -9227.0644 -8112.1827 -1.1023+05 -1.1023+05 -1.0721+05 
   BTU/LB              -284.7491  -250.3437 -2934.4335 -2934.3066 -2865.6515 
   BTU/HR             -4.2211+04 -3.7111+04 -1.6571+07 -1.6570+07 -1.6607+07 
 ENTROPY:         
   BTU/LBMOL-R           -0.5068 -3.9100-02   -53.7708   -53.7655   -52.1710 
   BTU/LB-R           -1.5641-02 -1.2066-03    -1.4314    -1.4312    -1.3945 
 DENSITY:         
   LBMOL/CUFT          2.6472-03  4.0927-03     1.9691     1.9690     0.1663 
   LB/CUFT             8.5779-02     0.1326    73.9701    73.9658     6.2199 
 AVG MW                  32.4042    32.4042    37.5655    37.5655    37.4130 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-220 S-221 S-222 S-223 S-224                    
 ----------------------------- 
 
 STREAM ID               S-220      S-221      S-222      S-223      S-224    
 FROM :                  HX-204     R-202C     SEP-203    B-203      SEP-203  
 TO   :                  R-202C     SEP-203    B-203      M-204      P-203    
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               5795.2158  5795.2158   148.0557   148.0557  5647.1601 
   BTU/HR             -1.6614+07 -1.6613+07 -4.1700+04 -3.5025+04 -1.6571+07 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      VAPOR      VAPOR      LIQUID  
 COMPONENTS: LBMOL/HR         
   OXYGEN                 4.2400     4.2400     4.2315     4.2315  8.5757-03 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            1.4087-02  1.4087-02  1.4084-02  1.4084-02  3.2778-06 
   AMMONIA             4.6348-03  4.6348-03  2.3422-04  2.3422-04  4.4005-03 
   WATER                122.0399   122.0399     0.1327     0.1327   121.9071 
   CARBO-01               0.1690     0.1690     0.1627     0.1627  6.3557-03 
   NIACINAM              27.6135    27.6135  1.5929-06  1.5929-06    27.6135 
   METDIAMI            3.1198-05  3.1198-05  1.2575-06  1.2575-06  2.9940-05 
   METHYLPI               0.2846     0.2846  1.9310-02  1.9310-02     0.2653 
   3-MET-01               0.2536     0.2536  7.4381-03  7.4381-03     0.2461 
   NICOT-01               0.2789     0.2789  9.2729-04  9.2729-04     0.2780 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              2.7373-02  2.7373-02     0.9262     0.9262  5.7046-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            9.0944-05  9.0944-05  3.0826-03  3.0826-03  2.1804-08 
   AMMONIA             2.9921-05  2.9921-05  5.1264-05  5.1264-05  2.9273-05 
   WATER                  0.7879     0.7879  2.9047-02  2.9047-02     0.8109 
   CARBO-01            1.0913-03  1.0913-03  3.5608-02  3.5608-02  4.2278-05 
   NIACINAM               0.1783     0.1783  3.4864-07  3.4864-07     0.1837 
   METDIAMI            2.0141-07  2.0141-07  2.7524-07  2.7524-07  1.9916-07 
   METHYLPI            1.8373-03  1.8373-03  4.2264-03  4.2264-03  1.7647-03 
   3-MET-01            1.6370-03  1.6370-03  1.6280-03  1.6280-03  1.6373-03 
   NICOT-01            1.8007-03  1.8007-03  2.0296-04  2.0296-04  1.8493-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN               135.6763   135.6763   135.4019   135.4019     0.2744 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.3946     0.3946     0.3945     0.3945  9.1823-05 
   AMMONIA             7.8933-02  7.8933-02  3.9888-03  3.9888-03  7.4944-02 
   WATER               2198.5821  2198.5821     2.3908     2.3908  2196.1913 
   CARBO-01               7.4396     7.4396     7.1599     7.1599     0.2797 
   NIACINAM            3372.1643  3372.1643  1.9452-04  1.9452-04  3372.1641 
   METDIAMI            3.6252-03  3.6252-03  1.4613-04  1.4613-04  3.4790-03 
   METHYLPI              28.2227    28.2227     1.9150     1.9150    26.3078 
   3-MET-01              23.6143    23.6143     0.6927     0.6927    22.9216 
   NICOT-01              29.0392    29.0392  9.6541-02  9.6541-02    28.9426 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              2.3412-02  2.3412-02     0.9145     0.9145  4.8593-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            6.8096-05  6.8096-05  2.6648-03  2.6648-03  1.6260-08 
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 S-220 S-221 S-222 S-223 S-224 (CONTINUED)            
 
 STREAM ID               S-220      S-221      S-222      S-223      S-224    
 
   AMMONIA             1.3620-05  1.3620-05  2.6941-05  2.6941-05  1.3271-05 
   WATER                  0.3794     0.3794  1.6148-02  1.6148-02     0.3889 
   CARBO-01            1.2838-03  1.2838-03  4.8360-02  4.8360-02  4.9531-05 
   NIACINAM               0.5819     0.5819  1.3139-06  1.3139-06     0.5971 
   METDIAMI            6.2554-07  6.2554-07  9.8697-07  9.8697-07  6.1607-07 
   METHYLPI            4.8700-03  4.8700-03  1.2934-02  1.2934-02  4.6586-03 
   3-MET-01            4.0748-03  4.0748-03  4.6787-03  4.6787-03  4.0590-03 
   NICOT-01            5.0109-03  5.0109-03  6.5206-04  6.5206-04  5.1252-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR             154.8983   154.8983     4.5689     4.5689   150.3294 
   LB/HR               5795.2158  5795.2158   148.0557   148.0557  5647.1601 
   CUFT/HR             1363.9141  1747.3886  1671.0452   954.9285    76.3443 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.0000    77.0000   275.3011    77.0000 
   PRES   PSIA           20.2298    15.7298    15.7298    37.7298    15.7298 
   VFRAC               2.9234-02  2.9496-02     1.0000     1.0000     0.0    
   LFRAC                  0.9708     0.9705     0.0        0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.0725+05 -1.0725+05 -9127.0909 -7665.9271 -1.1023+05 
   BTU/LB             -2866.7660 -2866.6700  -281.6537  -236.5635 -2934.4432 
   BTU/HR             -1.6614+07 -1.6613+07 -4.1700+04 -3.5025+04 -1.6571+07 
 ENTROPY:         
   BTU/LBMOL-R          -52.2231   -52.2007    -0.5454  3.2903-02   -53.7707 
   BTU/LB-R              -1.3959    -1.3953 -1.6832-02  1.0153-03    -1.4314 
 DENSITY:         
   LBMOL/CUFT             0.1136  8.8646-02  2.7341-03  4.7845-03     1.9691 
   LB/CUFT                4.2490     3.3165  8.8601-02     0.1550    73.9696 
 AVG MW                  37.4130    37.4130    32.4054    32.4054    37.5652 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-225 S-226 S-227 S-228 S-229                    
 ----------------------------- 
 
 STREAM ID               S-225      S-226      S-227      S-228      S-229    
 FROM :                  P-203      M-204      HX-205     F-201      F-201    
 TO   :                  M-204      HX-205     F-201      ----       P-204    
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               5647.1601  5795.2158  5795.2158   144.8865  5650.3293 
   BTU/HR             -1.6570+07 -1.6605+07 -1.6791+07 -3.1649+04 -1.6759+07 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     MIXED      MIXED      VAPOR      LIQUID  
 COMPONENTS: LBMOL/HR         
   OXYGEN              8.5757-03     4.2400     4.2400     4.2334  6.6320-03 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            3.2778-06  1.4087-02  1.4087-02  1.4085-02  1.8974-06 
   AMMONIA             4.4005-03  4.6348-03  4.6348-03  7.7355-05  4.5574-03 
   WATER                121.9071   122.0399   122.0399  2.5620-02   122.0142 
   CARBO-01            6.3557-03     0.1690     0.1690     0.1612  7.8802-03 
   NIACINAM              27.6135    27.6135    27.6135  9.6211-08    27.6135 
   METDIAMI            2.9940-05  3.1198-05  3.1198-05  5.6141-07  3.0636-05 
   METHYLPI               0.2653     0.2846     0.2846  1.1209-02     0.2734 
   3-MET-01               0.2461     0.2536     0.2536  3.5164-03     0.2501 
   NICOT-01               0.2780     0.2789     0.2789  3.1750-04     0.2786 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              5.7046-05  2.7373-02  2.7373-02     0.9515  4.4082-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            2.1804-08  9.0944-05  9.0944-05  3.1656-03  1.2611-08 
   AMMONIA             2.9273-05  2.9921-05  2.9921-05  1.7386-05  3.0292-05 
   WATER                  0.8109     0.7879     0.7879  5.7580-03     0.8110 
   CARBO-01            4.2278-05  1.0913-03  1.0913-03  3.6222-02  5.2378-05 
   NIACINAM               0.1837     0.1783     0.1783  2.1623-08     0.1835 
   METDIAMI            1.9916-07  2.0141-07  2.0141-07  1.2618-07  2.0363-07 
   METHYLPI            1.7647-03  1.8373-03  1.8373-03  2.5191-03  1.8171-03 
   3-MET-01            1.6373-03  1.6370-03  1.6370-03  7.9031-04  1.6620-03 
   NICOT-01            1.8493-03  1.8007-03  1.8007-03  7.1357-05  1.8518-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.2744   135.6763   135.6763   135.4641     0.2122 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            9.1823-05     0.3946     0.3946     0.3946  5.3152-05 
   AMMONIA             7.4944-02  7.8933-02  7.8933-02  1.3174-03  7.7615-02 
   WATER               2196.1913  2198.5821  2198.5821     0.4615  2198.1206 
   CARBO-01               0.2797     7.4396     7.4396     7.0928     0.3468 
   NIACINAM            3372.1641  3372.1643  3372.1643  1.1749-05  3372.1643 
   METDIAMI            3.4790-03  3.6252-03  3.6252-03  6.5236-05  3.5599-03 
   METHYLPI              26.3078    28.2227    28.2227     1.1116    27.1112 
   3-MET-01              22.9216    23.6143    23.6143     0.3275    23.2869 
   NICOT-01              28.9426    29.0392    29.0392  3.3055-02    29.0061 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              4.8593-05  2.3412-02  2.3412-02     0.9350  3.7558-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN            1.6260-08  6.8096-05  6.8096-05  2.7233-03  9.4070-09 
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 S-225 S-226 S-227 S-228 S-229 (CONTINUED)            
 
 STREAM ID               S-225      S-226      S-227      S-228      S-229    
 
   AMMONIA             1.3271-05  1.3620-05  1.3620-05  9.0927-06  1.3736-05 
   WATER                  0.3889     0.3794     0.3794  3.1855-03     0.3890 
   CARBO-01            4.9531-05  1.2838-03  1.2838-03  4.8954-02  6.1378-05 
   NIACINAM               0.5971     0.5819     0.5819  8.1093-08     0.5968 
   METDIAMI            6.1607-07  6.2554-07  6.2554-07  4.5025-07  6.3004-07 
   METHYLPI            4.6586-03  4.8700-03  4.8700-03  7.6719-03  4.7982-03 
   3-MET-01            4.0590-03  4.0748-03  4.0748-03  2.2602-03  4.1213-03 
   NICOT-01            5.1252-03  5.0109-03  5.0109-03  2.2814-04  5.1335-03 
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR             150.3294   154.8983   154.8983     4.4494   150.4489 
   LB/HR               5647.1601  5795.2158  5795.2158   144.8865  5650.3293 
   CUFT/HR               76.3533   758.7494   913.9509  1563.2334    74.8273 
 STATE VARIABLES: 
   TEMP   F              77.2505    79.3753    32.0000    32.0000    32.0000 
   PRES   PSIA           45.7298    37.7298    27.7298    15.0000    15.0000 
   VFRAC                  0.0     2.8787-02  2.8529-02     1.0000     0.0    
   LFRAC                  1.0000     0.9712     0.9715     0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.1022+05 -1.0720+05 -1.0840+05 -7113.1518 -1.1139+05 
   BTU/LB             -2934.1894 -2865.2707 -2897.3321  -218.4418 -2966.0063 
   BTU/HR             -1.6570+07 -1.6605+07 -1.6791+07 -3.1649+04 -1.6759+07 
 ENTROPY:         
   BTU/LBMOL-R          -53.7600   -52.1589   -54.4680    -0.7075   -56.0174 
   BTU/LB-R              -1.4311    -1.3941    -1.4559 -2.1726-02    -1.4916 
 DENSITY:         
   LBMOL/CUFT             1.9689     0.2041     0.1695  2.8463-03     2.0106 
   LB/CUFT               73.9609     7.6379     6.3408  9.2684-02    75.5116 
 AVG MW                  37.5652    37.4130    37.4130    32.5631    37.5565 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-230 S-231 S-301 S-302 S-303                    
 ----------------------------- 
 
 STREAM ID               S-230      S-231      S-301      S-302      S-303    
 FROM :                  P-204      HX-206     M-301      HX-301     DC-301   
 TO   :                  HX-206     M-301      HX-301     DC-301     N-301    
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               5650.3293  5650.3293  2.5619+04  2.5619+04     0.0    
   BTU/HR             -1.6758+07 -1.6534+07 -1.5505+08 -1.5381+08     0.0    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      MIXED      MISSING 
 COMPONENTS: LBMOL/HR         
   OXYGEN              6.6320-03  6.6320-03  6.6531-03  6.6531-03     0.0    
   HYDROGEN               0.0        0.0     1.6566-16  1.6566-16     0.0    
   NITROGEN            1.8974-06  1.8974-06  7.4732-05  7.4732-05     0.0    
   AMMONIA             4.5574-03  4.5574-03     3.1469     3.1469     0.0    
   WATER                122.0142   122.0142  1227.4593  1227.4593     0.0    
   CARBO-01            7.8802-03  7.8802-03  8.3138-03  8.3138-03     0.0    
   NIACINAM              27.6135    27.6135    27.6135    27.6135     0.0    
   METDIAMI            3.0636-05  3.0636-05  3.0636-05  3.0636-05     0.0    
   METHYLPI               0.2734     0.2734     0.2734     0.2734     0.0    
   3-MET-01               0.2501     0.2501     0.2502     0.2502     0.0    
   NICOT-01               0.2786     0.2786     0.2786     0.2786     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              4.4082-05  4.4082-05  5.2843-06  5.2843-06     0.0    
   HYDROGEN               0.0        0.0     1.3157-19  1.3157-19     0.0    
   NITROGEN            1.2611-08  1.2611-08  5.9356-08  5.9356-08     0.0    
   AMMONIA             3.0292-05  3.0292-05  2.4995-03  2.4995-03     0.0    
   WATER                  0.8110     0.8110     0.9749     0.9749     0.0    
   CARBO-01            5.2378-05  5.2378-05  6.6033-06  6.6033-06     0.0    
   NIACINAM               0.1835     0.1835  2.1932-02  2.1932-02     0.0    
   METDIAMI            2.0363-07  2.0363-07  2.4333-08  2.4333-08     0.0    
   METHYLPI            1.8171-03  1.8171-03  2.1713-04  2.1713-04     0.0    
   3-MET-01            1.6620-03  1.6620-03  1.9874-04  1.9874-04     0.0    
   NICOT-01            1.8518-03  1.8518-03  2.2129-04  2.2129-04     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.2122     0.2122     0.2129     0.2129     0.0    
   HYDROGEN               0.0        0.0     3.3394-16  3.3394-16     0.0    
   NITROGEN            5.3152-05  5.3152-05  2.0935-03  2.0935-03     0.0    
   AMMONIA             7.7615-02  7.7615-02    53.5941    53.5941     0.0    
   WATER               2198.1206  2198.1206  2.2113+04  2.2113+04     0.0    
   CARBO-01               0.3468     0.3468     0.3659     0.3659     0.0    
   NIACINAM            3372.1643  3372.1643  3372.1643  3372.1643     0.0    
   METDIAMI            3.5599-03  3.5599-03  3.5599-03  3.5599-03     0.0    
   METHYLPI              27.1112    27.1112    27.1112    27.1112     0.0    
   3-MET-01              23.2869    23.2869    23.3024    23.3024     0.0    
   NICOT-01              29.0061    29.0061    29.0061    29.0061     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              3.7558-05  3.7558-05  8.3100-06  8.3100-06    MISSING 
   HYDROGEN               0.0        0.0     1.3035-20  1.3035-20    MISSING 
   NITROGEN            9.4070-09  9.4070-09  8.1717-08  8.1717-08    MISSING 
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 S-230 S-231 S-301 S-302 S-303 (CONTINUED)            
 
 STREAM ID               S-230      S-231      S-301      S-302      S-303    
 
   AMMONIA             1.3736-05  1.3736-05  2.0920-03  2.0920-03    MISSING 
   WATER                  0.3890     0.3890     0.8632     0.8632    MISSING 
   CARBO-01            6.1378-05  6.1378-05  1.4282-05  1.4282-05    MISSING 
   NIACINAM               0.5968     0.5968     0.1316     0.1316    MISSING 
   METDIAMI            6.3004-07  6.3004-07  1.3896-07  1.3896-07    MISSING 
   METHYLPI            4.7982-03  4.7982-03  1.0583-03  1.0583-03    MISSING 
   3-MET-01            4.1213-03  4.1213-03  9.0958-04  9.0958-04    MISSING 
   NICOT-01            5.1335-03  5.1335-03  1.1322-03  1.1322-03    MISSING 
   AMMONICO               0.0        0.0        0.0        0.0       MISSING 
 TOTAL FLOW:      
   LBMOL/HR             150.4489   150.4489  1259.0371  1259.0371     0.0    
   LB/HR               5650.3293  5650.3293  2.5619+04  2.5619+04     0.0    
   CUFT/HR               74.8355    76.8679   432.6425   464.6754     0.0    
 STATE VARIABLES: 
   TEMP   F              32.2422    90.0000    30.9724    77.0000    MISSING 
   PRES   PSIA           45.0000    35.0000    35.0000    25.0000    MISSING 
   VFRAC                  0.0        0.0     3.4792-04  2.6201-04    MISSING 
   LFRAC                  1.0000     1.0000     0.9997     0.9997    MISSING 
   SFRAC                  0.0        0.0        0.0        0.0       MISSING 
 ENTHALPY:        
   BTU/LBMOL          -1.1138+05 -1.0990+05 -1.2315+05 -1.2216+05    MISSING 
   BTU/LB             -2965.7577 -2926.2048 -6052.0663 -6003.7353    MISSING 
   BTU/HR             -1.6758+07 -1.6534+07 -1.5505+08 -1.5381+08    MISSING 
 ENTROPY:         
   BTU/LBMOL-R          -56.0060   -53.1487   -44.0519   -42.1344    MISSING 
   BTU/LB-R              -1.4912    -1.4152    -2.1649    -2.0707    MISSING 
 DENSITY:         
   LBMOL/CUFT             2.0104     1.9572     2.9101     2.7095    MISSING 
   LB/CUFT               75.5033    73.5070    59.2147    55.1326    MISSING 
 AVG MW                  37.5565    37.5565    20.3479    20.3479    MISSING 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-304 S-305 S-306 S-307 S-308                    
 ----------------------------- 
 
 STREAM ID               S-304      S-305      S-306      S-307      S-308    
 FROM :                  DC-301     N-301      P-301      HX-302     ----     
 TO   :                  N-301      P-301      HX-302     DR-301     HX-303   
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               2.5619+04  2.5619+04  2.5619+04  2.5619+04    30.8796 
   BTU/HR             -1.5381+08 -1.5381+08 -1.5381+08 -1.2488+08    -5.9364 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED      LIQUID     VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   OXYGEN              6.6531-03  6.6531-03  6.6531-03  6.6531-03     0.0    
   HYDROGEN            1.6566-16     0.0        0.0        0.0        0.0    
   NITROGEN            7.4732-05  7.4732-05  7.4732-05  7.4732-05     1.1023 
   AMMONIA                3.1469     3.1469     3.1469     3.1469     0.0    
   WATER               1227.4593  1227.4593  1227.4593  1227.4593     0.0    
   CARBO-01            8.3138-03  8.3138-03  8.3138-03  8.3138-03     0.0    
   NIACINAM              27.6135    27.6135    27.6135    27.6135     0.0    
   METDIAMI            3.0636-05  3.0636-05  3.0636-05  3.0636-05     0.0    
   METHYLPI               0.2734     0.2734     0.2734     0.2734     0.0    
   3-MET-01               0.2502     0.2502     0.2502     0.2502     0.0    
   NICOT-01               0.2786     0.2786     0.2786     0.2786     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              5.2843-06  5.2843-06  5.2843-06  5.2843-06     0.0    
   HYDROGEN            1.3157-19     0.0        0.0        0.0        0.0    
   NITROGEN            5.9356-08  5.9356-08  5.9356-08  5.9356-08     1.0000 
   AMMONIA             2.4995-03  2.4995-03  2.4995-03  2.4995-03     0.0    
   WATER                  0.9749     0.9749     0.9749     0.9749     0.0    
   CARBO-01            6.6033-06  6.6033-06  6.6033-06  6.6033-06     0.0    
   NIACINAM            2.1932-02  2.1932-02  2.1932-02  2.1932-02     0.0    
   METDIAMI            2.4333-08  2.4333-08  2.4333-08  2.4333-08     0.0    
   METHYLPI            2.1713-04  2.1713-04  2.1713-04  2.1713-04     0.0    
   3-MET-01            1.9874-04  1.9874-04  1.9874-04  1.9874-04     0.0    
   NICOT-01            2.2129-04  2.2129-04  2.2129-04  2.2129-04     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.2129     0.2129     0.2129     0.2129     0.0    
   HYDROGEN            3.3394-16     0.0        0.0        0.0        0.0    
   NITROGEN            2.0935-03  2.0935-03  2.0935-03  2.0935-03    30.8796 
   AMMONIA               53.5941    53.5941    53.5941    53.5941     0.0    
   WATER               2.2113+04  2.2113+04  2.2113+04  2.2113+04     0.0    
   CARBO-01               0.3659     0.3659     0.3659     0.3659     0.0    
   NIACINAM            3372.1643  3372.1643  3372.1643  3372.1643     0.0    
   METDIAMI            3.5599-03  3.5599-03  3.5599-03  3.5599-03     0.0    
   METHYLPI              27.1112    27.1112    27.1112    27.1112     0.0    
   3-MET-01              23.3024    23.3024    23.3024    23.3024     0.0    
   NICOT-01              29.0061    29.0061    29.0061    29.0061     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              8.3100-06  8.3100-06  8.3100-06  8.3100-06     0.0    
   HYDROGEN            1.3035-20     0.0        0.0        0.0        0.0    
   NITROGEN            8.1717-08  8.1717-08  8.1717-08  8.1717-08     1.0000 
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 S-304 S-305 S-306 S-307 S-308 (CONTINUED)            
 
 STREAM ID               S-304      S-305      S-306      S-307      S-308    
 
   AMMONIA             2.0920-03  2.0920-03  2.0920-03  2.0920-03     0.0    
   WATER                  0.8632     0.8632     0.8632     0.8632     0.0    
   CARBO-01            1.4282-05  1.4282-05  1.4282-05  1.4282-05     0.0    
   NIACINAM               0.1316     0.1316     0.1316     0.1316     0.0    
   METDIAMI            1.3896-07  1.3896-07  1.3896-07  1.3896-07     0.0    
   METHYLPI            1.0583-03  1.0583-03  1.0583-03  1.0583-03     0.0    
   3-MET-01            9.0958-04  9.0958-04  9.0958-04  9.0958-04     0.0    
   NICOT-01            1.1322-03  1.1322-03  1.1322-03  1.1322-03     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            1259.0371  1259.0371  1259.0371  1259.0371     1.1023 
   LB/HR               2.5619+04  2.5619+04  2.5619+04  2.5619+04    30.8796 
   CUFT/HR              496.3740   556.2393   400.4598  3.8057+05   215.1855 
 STATE VARIABLES: 
   TEMP   F              77.0265    77.0000    76.9392   392.0000    77.0000 
   PRES   PSIA           20.0000    15.0000    39.9465    29.9465    29.5007 
   VFRAC               3.0069-04  3.5328-04     0.0        1.0000     1.0000 
   LFRAC                  0.9997     0.9996     1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2216+05 -1.2216+05 -1.2216+05 -9.9190+04    -5.3854 
   BTU/LB             -6003.7353 -6003.7935 -6003.6296 -4874.6840    -0.1922 
   BTU/HR             -1.5381+08 -1.5381+08 -1.5381+08 -1.2488+08    -5.9364 
 ENTROPY:         
   BTU/LBMOL-R          -42.1335   -42.1348   -42.1328    -9.4357    -1.3937 
   BTU/LB-R              -2.0707    -2.0707    -2.0706    -0.4637 -4.9752-02 
 DENSITY:         
   LBMOL/CUFT             2.5365     2.2635     3.1440  3.3083-03  5.1226-03 
   LB/CUFT               51.6119    46.0571    63.9734  6.7316-02     0.1435 
 AVG MW                  20.3479    20.3479    20.3479    20.3479    28.0135 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-309 S-310 S-311 S-312 S-312A                   
 ------------------------------ 
 
 STREAM ID               S-309      S-310      S-311      S-312      S-312A   
 FROM :                  HX-303     DR-301     C-301      HX-304B    HX-304A  
 TO   :                  DR-301     C-301      HX-304A    F-301      HX-304B  
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR                 30.8796  2.2481+04  2.2481+04  2.2481+04  2.2481+04 
   BTU/HR              2425.2806 -1.2457+08 -1.1920+08 -1.5381+08 -1.5206+08 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   OXYGEN                 0.0     6.6320-02  6.6320-02  6.6320-02  6.6320-02 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               1.1023    11.0231    11.0231    11.0231    11.0231 
   AMMONIA                0.0        3.1484     3.1484     3.1484     3.1484 
   WATER                  0.0     1227.4695  1227.4695  1227.4695  1227.4695 
   CARBO-01               0.0     7.8802-02  7.8802-02  7.8802-02  7.8802-02 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0        0.0        0.0    
   METHYLPI               0.0        0.0        0.0        0.0        0.0    
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN                 0.0     5.3407-05  5.3407-05  5.3407-05  5.3407-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               1.0000  8.8768-03  8.8768-03  8.8768-03  8.8768-03 
   AMMONIA                0.0     2.5354-03  2.5354-03  2.5354-03  2.5354-03 
   WATER                  0.0        0.9885     0.9885     0.9885     0.9885 
   CARBO-01               0.0     6.3459-05  6.3459-05  6.3459-05  6.3459-05 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0        0.0        0.0    
   METHYLPI               0.0        0.0        0.0        0.0        0.0    
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 0.0        2.1222     2.1222     2.1222     2.1222 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN              30.8796   308.7963   308.7963   308.7963   308.7963 
   AMMONIA                0.0       53.6188    53.6188    53.6188    53.6188 
   WATER                  0.0     2.2113+04  2.2113+04  2.2113+04  2.2113+04 
   CARBO-01               0.0        3.4681     3.4681     3.4681     3.4681 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0        0.0        0.0    
   METHYLPI               0.0        0.0        0.0        0.0        0.0    
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN                 0.0     9.4398-05  9.4398-05  9.4398-05  9.4398-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               1.0000  1.3736-02  1.3736-02  1.3736-02  1.3736-02 
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 S-309 S-310 S-311 S-312 S-312A (CONTINUED)           
 
 STREAM ID               S-309      S-310      S-311      S-312      S-312A   
 
   AMMONIA                0.0     2.3850-03  2.3850-03  2.3850-03  2.3850-03 
   WATER                  0.0        0.9836     0.9836     0.9836     0.9836 
   CARBO-01               0.0     1.5427-04  1.5427-04  1.5427-04  1.5427-04 
   NIACINAM               0.0        0.0        0.0        0.0        0.0    
   METDIAMI               0.0        0.0        0.0        0.0        0.0    
   METHYLPI               0.0        0.0        0.0        0.0        0.0    
   3-MET-01               0.0        0.0        0.0        0.0        0.0    
   NICOT-01               0.0        0.0        0.0        0.0        0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR               1.1023  1241.7861  1241.7861  1241.7861  1241.7861 
   LB/HR                 30.8796  2.2481+04  2.2481+04  2.2481+04  2.2481+04 
   CUFT/HR              516.9630  7.7489+05  2.6283+05  1364.9568  1440.1101 
 STATE VARIABLES: 
   TEMP   F             392.0000   387.1028   887.2012    32.0000   100.0000 
   PRES   PSIA           19.5007    14.5007    68.0082    58.0082    63.0082 
   VFRAC                  1.0000     1.0000     1.0000  9.0036-03  9.1074-03 
   LFRAC                  0.0        0.0        0.0        0.9910     0.9909 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL           2200.1776 -1.0032+05 -9.5989+04 -1.2386+05 -1.2245+05 
   BTU/LB                78.5400 -5541.1690 -5302.0945 -6841.8061 -6763.8642 
   BTU/HR              2425.2806 -1.2457+08 -1.1920+08 -1.5381+08 -1.5206+08 
 ENTROPY:         
   BTU/LBMOL-R            2.6614    -6.6712    -5.7237   -42.3579   -39.6719 
   BTU/LB-R            9.5003-02    -0.3685    -0.3162    -2.3397    -2.1913 
 DENSITY:         
   LBMOL/CUFT          2.1323-03  1.6025-03  4.7246-03     0.9098     0.8623 
   LB/CUFT             5.9733-02  2.9012-02  8.5534-02    16.4703    15.6108 
 AVG MW                  28.0135    18.1039    18.1039    18.1039    18.1039 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-313 S-314 S-315 S-316 S-317                    
 ----------------------------- 
 
 STREAM ID               S-313      S-314      S-315      S-316      S-317    
 FROM :                  F-301      SP-302     SP-302     DR-301     F-301    
 TO   :                  SP-302     ----       DR-301     ----       SP-301   
 CLASS:                  MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD   MIXCIPSD 
 
 MAX CONV. ERROR:     -9.9363-09     0.0        0.0        0.0     4.7926-11 
 TOTAL STREAM: 
   LB/HR                314.5922    31.4592   283.1330  3451.5876  2.2167+04 
   BTU/HR             -1.8108+04 -1810.8064 -1.6297+04 -1.1762+06 -1.5379+08 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   OXYGEN              6.6297-02  6.6297-03  5.9667-02     0.0     2.3426-05 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN              11.0231     1.1023     9.9207     0.0     8.0927-05 
   AMMONIA             1.6058-03  1.6058-04  1.4452-03     0.0        3.1468 
   WATER               1.1241-02  1.1241-03  1.0117-02     0.0     1227.4582 
   CARBO-01            7.8320-02  7.8320-03  7.0488-02     0.0     4.8173-04 
   NIACINAM               0.0        0.0        0.0       27.6135     0.0    
   METDIAMI               0.0        0.0        0.0     3.0636-05     0.0    
   METHYLPI               0.0        0.0        0.0        0.2734     0.0    
   3-MET-01               0.0        0.0        0.0        0.2502     0.0    
   NICOT-01               0.0        0.0        0.0        0.2786     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              5.9297-03  5.9297-03  5.9297-03     0.0     1.9036-08 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.9859     0.9859     0.9859     0.0     6.5762-08 
   AMMONIA             1.4363-04  1.4363-04  1.4363-04     0.0     2.5571-03 
   WATER               1.0054-03  1.0054-03  1.0054-03     0.0        0.9974 
   CARBO-01            7.0051-03  7.0051-03  7.0051-03     0.0     3.9145-07 
   NIACINAM               0.0        0.0        0.0        0.9718     0.0    
   METDIAMI               0.0        0.0        0.0     1.0781-06     0.0    
   METHYLPI               0.0        0.0        0.0     9.6207-03     0.0    
   3-MET-01               0.0        0.0        0.0     8.8056-03     0.0    
   NICOT-01               0.0        0.0        0.0     9.8047-03     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN                 2.1214     0.2121     1.9093     0.0     7.4959-04 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN             308.7940    30.8794   277.9146     0.0     2.2670-03 
   AMMONIA             2.7348-02  2.7348-03  2.4613-02     0.0       53.5914 
   WATER                  0.2025  2.0251-02     0.1823     0.0     2.2113+04 
   CARBO-01               3.4469     0.3447     3.1022     0.0     2.1201-02 
   NIACINAM               0.0        0.0        0.0     3372.1643     0.0    
   METDIAMI               0.0        0.0        0.0     3.5599-03     0.0    
   METHYLPI               0.0        0.0        0.0       27.1112     0.0    
   3-MET-01               0.0        0.0        0.0       23.3024     0.0    
   NICOT-01               0.0        0.0        0.0       29.0061     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              6.7434-03  6.7434-03  6.7434-03     0.0     3.3816-08 
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 S-313 S-314 S-315 S-316 S-317 (CONTINUED)            
 
 STREAM ID               S-313      S-314      S-315      S-316      S-317    
 
   HYDROGEN               0.0        0.0        0.0        0.0        0.0    
   NITROGEN               0.9816     0.9816     0.9816     0.0     1.0227-07 
   AMMONIA             8.6932-05  8.6932-05  8.6932-05     0.0     2.4177-03 
   WATER               6.4371-04  6.4371-04  6.4371-04     0.0        0.9976 
   CARBO-01            1.0957-02  1.0957-02  1.0957-02     0.0     9.5642-07 
   NIACINAM               0.0        0.0        0.0        0.9770     0.0    
   METDIAMI               0.0        0.0        0.0     1.0314-06     0.0    
   METHYLPI               0.0        0.0        0.0     7.8547-03     0.0    
   3-MET-01               0.0        0.0        0.0     6.7512-03     0.0    
   NICOT-01               0.0        0.0        0.0     8.4037-03     0.0    
   AMMONICO               0.0        0.0        0.0        0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR              11.1805     1.1181    10.0625    28.4158  1230.6056 
   LB/HR                314.5922    31.4592   283.1330  3451.5876  2.2167+04 
   CUFT/HR             1015.6803   122.6666  1103.9997    44.4549   349.2765 
 STATE VARIABLES: 
   TEMP   F              32.0000    31.6692    31.6692   387.1028    32.0000 
   PRES   PSIA           58.0082    48.0082    48.0082    14.5007    58.0082 
   VFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   LFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1619.6091 -1619.6091 -1619.6091 -4.1394+04 -1.2497+05 
   BTU/LB               -57.5604   -57.5604   -57.5604  -340.7833 -6938.0891 
   BTU/HR             -1.8108+04 -1810.8064 -1.6297+04 -1.1762+06 -1.5379+08 
 ENTROPY:         
   BTU/LBMOL-R           -3.1976    -2.8223    -2.8223   -97.5291   -42.7137 
   BTU/LB-R              -0.1136    -0.1003    -0.1003    -0.8029    -2.3713 
 DENSITY:         
   LBMOL/CUFT          1.1008-02  9.1146-03  9.1146-03     0.6392     3.5233 
   LB/CUFT                0.3097     0.2565     0.2565    77.6425    63.4644 
 AVG MW                  28.1375    28.1375    28.1375   121.4673    18.0128 
IX. Appendix              Bains, Clark, Lowey, Soo 
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 S-318 S-319                                      
 ----------- 
 
 STREAM ID               S-318      S-319    
 FROM :                  SP-301     SP-301   
 TO   :                  M-301      ----     
 CLASS:                  MIXCIPSD   MIXCIPSD 
 TOTAL STREAM: 
   LB/HR               1.9950+04  2216.6619 
   BTU/HR             -1.3841+08 -1.5379+07 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   OXYGEN              2.1083-05  2.3426-06 
   HYDROGEN               0.0        0.0    
   NITROGEN            7.2834-05  8.0927-06 
   AMMONIA                2.8321     0.3147 
   WATER               1104.7124   122.7458 
   CARBO-01            4.3355-04  4.8173-05 
   NIACINAM               0.0        0.0    
   METDIAMI               0.0        0.0    
   METHYLPI               0.0        0.0    
   3-MET-01               0.0        0.0    
   NICOT-01               0.0        0.0    
   AMMONICO               0.0        0.0    
 COMPONENTS: MOLE FRAC        
   OXYGEN              1.9036-08  1.9036-08 
   HYDROGEN               0.0        0.0    
   NITROGEN            6.5762-08  6.5762-08 
   AMMONIA             2.5571-03  2.5571-03 
   WATER                  0.9974     0.9974 
   CARBO-01            3.9145-07  3.9145-07 
   NIACINAM               0.0        0.0    
   METDIAMI               0.0        0.0    
   METHYLPI               0.0        0.0    
   3-MET-01               0.0        0.0    
   NICOT-01               0.0        0.0    
   AMMONICO               0.0        0.0    
 COMPONENTS: LB/HR            
   OXYGEN              6.7463-04  7.4959-05 
   HYDROGEN               0.0        0.0    
   NITROGEN            2.0403-03  2.2670-04 
   AMMONIA               48.2323     5.3591 
   WATER               1.9902+04  2211.3003 
   CARBO-01            1.9081-02  2.1201-03 
   NIACINAM               0.0        0.0    
   METDIAMI               0.0        0.0    
   METHYLPI               0.0        0.0    
   3-MET-01               0.0        0.0    
   NICOT-01               0.0        0.0    
   AMMONICO               0.0        0.0    
 COMPONENTS: MASS FRAC        
   OXYGEN              3.3816-08  3.3816-08 
   HYDROGEN               0.0        0.0    
   NITROGEN            1.0227-07  1.0227-07 
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 S-318 S-319 (CONTINUED)                              
 
 STREAM ID               S-318      S-319    
 
   AMMONIA             2.4177-03  2.4177-03 
   WATER                  0.9976     0.9976 
   CARBO-01            9.5642-07  9.5642-07 
   NIACINAM               0.0        0.0    
   METDIAMI               0.0        0.0    
   METHYLPI               0.0        0.0    
   3-MET-01               0.0        0.0    
   NICOT-01               0.0        0.0    
   AMMONICO               0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            1107.5450   123.0606 
   LB/HR               1.9950+04  2216.6619 
   CUFT/HR              314.3547    34.9283 
 STATE VARIABLES: 
   TEMP   F              32.0274    32.0274 
   PRES   PSIA           48.0082    48.0082 
   VFRAC               1.1579-08  1.1579-08 
   LFRAC                  1.0000     1.0000 
   SFRAC                  0.0        0.0    
 ENTHALPY:        
   BTU/LBMOL          -1.2497+05 -1.2497+05 
   BTU/LB             -6938.0891 -6938.0891 
   BTU/HR             -1.3841+08 -1.5379+07 
 ENTROPY:         
   BTU/LBMOL-R          -42.7123   -42.7123 
   BTU/LB-R              -2.3712    -2.3712 
 DENSITY:         
   LBMOL/CUFT             3.5232     3.5232 
   LB/CUFT               63.4632    63.4632 
 AVG MW                  18.0128    18.0128 
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 BLOCK STATUS                             
 ------------ 
 
 **************************************************************************** 
 *                                                                          * 
 * Calculations were completed normally                                     * 
 *                                                                          * 
 * All Unit Operation blocks were completed normally                        * 
 *                                                                          * 
 * All streams were flashed normally                                        * 
 *                                                                          * 
 * All Convergence blocks were completed normally                           * 
 *                                                                          * 
 **************************************************************************** 
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Reaction 1 Exothermic Percent Difference % Energy Balance
Chemical MPDA Al2O3  (catalyst) 3-Methylpiperidine NH3 START (kg) Reaction 1 1.26319E-14 -17885689.73 KJ/hr
Mass of Chemical (kg/hr) 1800 1800 Reaction 2 0.019965715
Moles/hr 15490.53356 Side Reaction 0.00042398 Reactions 1 & 2
Molecular Weight (kg/mol) 0.1162 0.10196 0.09917 0.01703 Reaction 3 0.04444866 2523985.234 KJ/hr
Stoichiometry -1 0 1 1 Reaction 4 0.007810288
Fractional Conversion 0.99 Side Reaction 0
Final Moles/hr 154.9053356 15335.62823 15335.62823 END (kg)
Final Mass (kg/hr) 18 1520.834251 261.1657487 1800
ΔH f  (KJ/mol*hr) -106.43 -- -96.59 -45.92 Energy (KJ/hr)
Overall Conversion 0.99 -553309.4664
Reaction 2 Endothermic Side Reaction Exothermic 
Chemical Methyl Piperidine Pd/A2O3  (catalyst) 3-Picoline H2 START (kg) 3-Picoline O2 N2 CO2 H2O START (kg)
Mass of Chemical (kg/hr) 1520.834251 1520.834251 1413.924986 376.5203442 1790.44533
Moles/hr 15335.62823 15182.27194 11766.26076
Molecular Weight (kg/mol) 0.09917 N/A 0.09313 0.00202 0.09313 0.032 0.02801 0.04401 0.01802
Stoichiometry -1 0 1 3 -2 -15.5 1 12 7
Fractional Conversion 0.99 0.1
Final Moles/hr 153.3562823 15182.27194 45546.81583 END (kg) 13664.04475 0 759.1135972 9109.363167 5313.795181 END (kg)
Final Mass (kg/hr) 15.20834251 -- 1413.924986 92.00456799 1521.137897 1272.532488 0 21.26277186 400.903073 95.75458916 1790.452922
ΔH f  (KJ/mol*hr) -96.59 106.1 0 Energy (KJ/hr) 106.1 0 0 -393.509 -241.818 Energy (KJ/hr)
Overall Conversion 0.88209 3077294.701 0.793881 -5030671.619
Reaction 3 1:1.5:1 to 1:2.5:4 ratio Add Oxygen Add Ammonia
Chemical 3-Picoline O2 NH3 Al2O3  (catalyst) 3-Cyanopyridine H2O START (kg)
Mass of Chemical (kg/hr) 1272.532488 655.874148 232.6986821 2161.105318
Moles/hr 13664.04475 20496.06713 13664.04475
Molecular Weight (kg/mol) 0.09917 0.032 0.01703 0.10196 0.10411 0.01802
Stoichiometry -1 -1.5 -1 0 1 3
Fractional Conversion 0.99
Final Moles/hr 136.6404475 204.9606713 136.6404475 0 13527.4043 40582.21291 END (kg)
Final Mass (kg/hr) 13.55063318 6.55874148 2.326986821 0 1408.338062 731.2914766 2162.0659
ΔH f  (KJ/mol*hr) 106.1 0 -45.92 -- 274.77 -241.818 Energy (KJ/hr)
Overall Conversion 0.78594219 -6910663.872
Reaction 4 Add Water Side Reaction Add Water
Chemical 3-Cyanopyridine H2O (basic) Nicotinamide START  (kg) Nicotinamide H2O (basic) Niacin NH3 START  (kg)
Mass of Chemical (kg/hr) 1408.338062 306.34 1714.678062 1635.446947 270.3 1905.746947
Moles/hr 13527.4043 17000 13392.13026 15000
Molecular Weight (kg/mol) 0.10411 0.01802 0.12212 0.12212 0.01802 0.12311 0.01703
Stoichiometry -1 -1 1 -1 -1 1 1
Fractional Conversion 0.99 0.9
Final Moles/hr 135.274043 3607.86974 13392.13026 END (kg) 1339.213026 2947.082766 12052.91723 12052.91723 END (kg)
Final Mass (kg/hr) 14.08338062 65.01381272 1635.446947 1714.544141 163.5446947 53.10643144 1483.834641 205.2611805 1905.746947
ΔH f  (KJ/mol*hr) 274.77 -- -58.29 Energy (KJ/hr) -58.29 -- -344.9 -45.92 Energy (KJ/hr)
Overall Conversion 0.778082768 -4460382.904 0.700274491 -4007956.568
D. SAMPLE DESIGN AND COST CALCULATIONS 
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Sample Catalyst Regeneration Oxygen Flow Calculations (R-101) 
 
Based on the relative low concentration of hydrocarbons in our process streams and lacking data from any 
of the patents, it was assumed that catalysts in reactors R101 and R201 would need regenerating every 6 
months via oxidation to remove coke buildup. It was also assumed that the carbon building up at the end 
of 6 months is equivalent to 3% of the catalysts original weight. 
mcatalyst = 5,600 lbs = 2,540 kg 
ncarbon = 

0.03 (Mca ta lyst)
MWca rbon

(0.03)(2540kg)
12.01
kg
kmo l
6.35 kmol = noxygen 
Given the 1:1 ratio of C to O2 molecules in the typical combustion reaction 
C + O2  CO2 
moxygen = (noxygen) * (MWoxygen) = (6.35)(16.00 kg/kmol) = 203 kg = 448 lbs/6 months 
Any heat given off during the combustion will be borne away by the cooling fluid within each reactor. 
Additionally, the CO2 that is produced is sent to a wet scrubber to prevent pollution. 
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Sample Catalyst Price Calculations (R-101) 
For the first reactor, the mass of HZSM-5 catalyst required,          for the entire reactor train = 5,600 lb  
Assuming a catalyst density of 50 lb/ft
3
 and a void fraction,   of 0.5, the total volume of catalysts required: 
           
         
         
     
       
   
  
   
                
 Cost 
The price, Pcatalyst of the ZSM-5 catalyst was estimated as follows: 
                                                              
The  -zeolite has a chemical formula of NanAlnSi96–nO192 (0<n<27). To get Si/Al = 18 as specified in the 
patent, n = 5, 
Element x Price ($/lb) (P)(x/xtotal)($/lb) 
Na 10 0.45 0.01 
Al 10 0.86 0.01 
Si 86 0.94 0.29 
O 192 0.56 0.37 
 xtotal =298      
  
      
  0.68 
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Sample Catalyst Price Calculations (R-102) 
For the second reactor, the mass of 1% Pd-SiO2/Al2O3 catalyst required,          for the entire reactor 
train = 6,410 lb  
To calculate the catalyst density, the density of each compound (Pd, SiO2, and Al2O3) was weighted 
against its mass fraction: 
                             
 
   
           
 
   
           
 
   
      
 
   
      
  
   
  
With a weighted catalyst density of 211 lb/ft
3
 and a void fraction,   of 0.5, the total volume of catalysts 
required: 
           
         
         
     
       
      
  
   
               
Cost 
The price, Pcatalyst of the 1% Pd-SiO2/Al2O3 catalyst was estimated as follows: 
                                                              
Compound x Price ($/lb) (P)(x/xtotal)($/lb) 
Pd 0.01 12144 121.44 
SiO2 0.495 0.64 0.31 
Al2O3 0.495 0.91 0.45 
       
  
      
  122.20 
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Sample Catalyst Price Calculations (R-201) 
For the third reactor, the mass and price of catalyst are calculated by sourcing bulk prices for the different 
catalysts required. The overall results are shown below: 
Compound V2O5 TiO2 ZrO2 MoO3 
Mass (lb) 90,548 39,761 61,344 71,660 
Price per lb ($/lb) 6.22 4.70 4.00 9.07 
Price ($) 563,166 186,877 245,375 650,089 
                     
 
Sample Catalyst Price Calculations (R-202A, B, C) 
The fourth reaction train consists of three reactor vessels in a continuous cascade. Each vessel has a 
volume, V of 6,975 ft
3
. It was determined that each 6,975 ft
3
 tank would house 1,740 lb (dry weight) of 
the whole cell biocatalyst R. rhodochrous J1 immobilized in polyacrylamide particles.  
Cell density in each vessel would then be: 
      
                  
                      
 
       
        
     
  
   
  
Cost 
For each vessel, 1,740 lb (dry weight) of the whole cell biocatalyst R. rhodochrous J1 immobilized in 
polyacrylamide (PAM) particles is required. The biocatalyst produced by R. rhodochrous J1 that is 
responsible for the reaction is nitrile hydratase, NHase.  
The price for the biocatalyst in bulk quantities was not obtainable (Dia-Nitrix Co., Ltd sells it but the 
authors were unable to obtain a price quote from them); therefore, cost estimation methods were used to 
estimate the price of the biocatalyst. 
Assuming that each polyacrylamide-R. rhodochrous particle consists of equal percentage by mass of 
either substance—50 mass% of PAM and 50 mass% of R. rhodochrous. Another assumption made is that 
only 1% of the R. rhodochrous whole cells is the actual enzyme, NHase. This means that using 
immobilized enzyme instead of whole cells, 870 lb of PAM and 8.7 lb of NHase would be required, 
giving a total of 878.7 lb. 
 Keeping as the foundation the retail price (provided by Sigma-Aldrich), the price for each chemical goes 
through a fluctuation of price proportionate to the bulk purchase, i.e. the cost on a commercial level, is 
much cheaper compared to the cost for chemicals for lab-scale purposes, which are purchased in small 
amounts and with a higher price fluctuation. On a lab scale, the prices (from 
http://www.sigmaaldrich.com/) are as follows:  
Price of PAM = $130/ 25 g = $2,359/lb 
Price of NHase = $188/ 50 mg = $1,705,510/lb 
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While the prices of both these chemicals are very high, there is evidence that a bulk market for both these 
products exists. Bulk prices for PAM are listed at $1.2/lb. This is a scaling ratio of (2359/1.2) = 1,966   
2,000. Since both PAM and NHase are usually used for biologics purposes, as opposed to as commodity 
chemicals, it would be safe to assume that they would scale the same way.  Thus, the price of NHase was 
converted to an estimated bulk quantity price using a price correlation factor and a scaling factor of ~0.75 
(Dieudonné, B., et al., 2012).  
 Price of NHase = 
          
  
  
     
   
 
    
 
      
  
 
This price is a conservatively high estimate (more than 3 times the upper bound) according to “Guidelines 
and Cost Analysis for Catalyst Production in Biocatalytic Processes” that gives the range of free enzyme 
price as $690/lb to $1,725/lb based on “typical values of biocatalyst cost” (Tufvesson, P., et al., 2010). 
However, the paper also states that the immobilization process “increases the specific enzyme cost by a 
factor of 4.” This would put our estimate price of enzyme inside that price range. 
 
Compound PAM NHase Total 
Mass (lb) 870 8.7   
Price per lb ($/lb) 1.2 5776.89   
Price ($) 1,044 50,259 51,303 
This means that the total price per lb of biocatalyst = 
       
            
 
    
  
 
This sits well in the range of immobilized enzyme price of $69/lb to $690/lb given in “Guidelines and 
Cost Analysis for Catalyst Production in Biocatalytic Processes,” making it a confident estimate. 
For all three vessels, the total price of biocatalyst is $153,910.   
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Sample Adsorbent (Activated Carbon) Calculations (DC-301) 
 
 
 
Refrigeration Power Requirements Chart 
Chart used to calculate the electricity needed for refrigeration units. -120°F needs about 7 hp per ton of 
refrigeration. 
Applicable Blocks:DC-301
Variable Description Unit
S  = Size Factor = Bulk volume ft3
Relevant Equations: Source
1) Find Cost
CP  = 30 × S SSLW (T22.32)
CP  = (575.4/500)*C p (CE=575.4)
Adsorbent (Activated Carbon)
Source: Ludwig. P.E, E. E. (2001). Chapter 11 Refrigeration systems. Applied Process Design for Chemical & 
Petrochemical Plants. E. E. Ludwig. P.E, Gulf Professional Publishing. Volume 3: 289-367. 
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Sample Calculations: Dowtherm System 
 
To effectively calculate the cost of the Dowtherm system used in the process, costing for a furnace, pump, 
and Dowtherm A was taken from a previous report, Hydrogenation of Maleic Anhydride Tetrahydrofuran. 
In the report from 2009, a total of 11,349 lbs of Dowtherm A were used for 17,038,956 BTU/hr needed 
for heat transfer. 68,093 lbs/hr were needed. Therefore, the heating capacity of a pound of Dowtherm A 
was calculated as 
 
          
   
  
     
   
  
    
   
  
 
 
For the overall cost of the furnace and the pump, a cost of $700,000 for a furnace that has the capacity for 
17 MMBTU/hr. The pump cost $6,900 to have the capacity listed above. Dowtherm A, as quoted from a 
Dow representative, is around $4.68/lb in 2009. To convert to our process, a factor was calculated to scale 
down the cost and flow rate of the Dowtherm. 
 
          
   
  
         
   
  
       
 
This factor was used to scale the costing for the pump and furnace. 
                                 
                                     
 
However, since this was calculated in 2009 when the CE was 521, these costs needed to be scaled up. 
 
                     
   
   
         
                       
   
   
           
 
It was then calculated how much Dowtherm A was needed for our process assuming that the heating 
value is 250 BTU/hr. The overall cost of the Dowtherm was also calculated, assuming the Dowtherm is 
pumped constantly in the system. A factor of 1/6
th
 was used to find the total amount of Dowtherm 
necessary to be put into the system. CE factors were also taken into account to deal with inflation. 
 
         
   
  
   
   
  
              
      
  
  
 
    
 
 
     
  
  
   
   
          
 
Final cost calculations also take into consideration total bare module cost. For a furnace, 2.2 is used 
whereas 3.30 is used for a pump.  
                             
                                   
 
Overall, the cost for the entire Dowtherm A system, including the furnace, pump, and Dowtherm A 
chemical is $722,207. 
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Sample Calculations: Distillation or Absorbing Column 
 
Tower: 
All of the data used in these calculations were taken from the ASPEN report for the distillation column. 
The top stage conditions were used to calculate the flooding velocity and the final diameter of the column 
itself. This distillation column was defined by the authors to have sieve trays and a tray spacing of 12 
inches to make sure that the column was only one unit and did not have to separated into two distillation 
columns in series. From ASPEN, the number of trays calculated were 40. Assuming a tray efficiency of 
70%, this means that there are 55 total trays in the column. As defined in the presentation Total Capital 
Investment and Cost Estimated – Distillation Column given by Dr. Warren Seider on 11/19/2012, the 
calculations for the diameter, height, and cost of the distillation column are outlined below. 
Estimating the Flooding Velocity: 
     
     
  
  
                 
For a non-foaming material, FF =1, whereas FHA must be determined for a sieve tray distillation column, 
dependent on the ratio of the active area of the distillation column to the total area of the tray. CSB is 
determined using Figure 19.4 in Product and Process Design Principles, whereas FST is defined as the 
following and is dependent on the surface tension of the mixture: 
     
 
  
 
   
 
FST is calculated to be 0.9791 given the surface tension of the mixture at the top of the distillation tower is 
18.1 lb/ft.  
FLG was also calculated using correlations from the ASPEN data. The density of the gas on the top tray is 
0.11127 lb/ft3 while the density of the liquid fraction is 49.405 lb/ft3. Liquid flow rate is 365.316 lb/hr; 
vapor flow rate is 56.9179 lb/hr. These were put into the following equation to yield a FLG of 0.3045. 
     
 
 
  
  
  
 
   
 
To calculate the ratio, Ad/AT, it may be estimated by the following: 
  
  
     
       
 
 
This value turns out to be greater than 0.1, which means that the approximation where FHA = 1 is the 
correct one, since for a sieve tray. 
To calculate the last piece necessary to find the flooding velocity, the coefficient CSB is determined from 
knowing 12 inch plate spacing along with the 0.3045 value of FLG. Using the given graph below, CSB is 
determined to be around 0.15. 
 
IX. Appendix             Bains, Clark, Lowey, Soo  
 
 
 
242 
Therefore, C for the flooding velocity equation is 0.146865. Uf, given these values, is around 2.63 ft/hr. 
Assuming that the actual velocity, U, is 0.85Uf, the overall diameter of the tower can be calculated. 
    
 
     
 
   
 
Where V is the vapor flow rate that was given by ASPEN earlier. Using this equation and the calculated 
variables, the overall estimated tower diameter is 5.5 ft, which can be increased to a standard size of 6ft.  
With the diameter effectively calculated and the number of trays known (55 for this case with a spacing of 
1 ft between each tray), the total tower cost can be determined. The total height, or length, is calculated by 
adding four feet for the top of the column with the condenser and ten feed at the bottom for the reboiler. 
                       
For the purchase and installed cost, the purchase cost of the column, not including the trays, is given by 
the equation below. 
            
FM is the materials factor, CV is the vessel cost, and CPL is the platform and ladder cost. To calculate the 
vessel cost, the weight of the tower must be estimated. 
                       
D and L are the inside diameter and length of the vessel as calculated previously. ts is the thicknes of the 
material used, which in this case is carbon steel, meaning that the thickness can be assumed to be 0.75 
inches. The density of the material,  , is 0.284 lb/in2. Using this equation, the weight of the vessel is 
calculated as 42,500 lbs. CV can then be calculated from the following equation. 
                                          
   
From this, the vessel cost is $137,300 for 2006 with a CE of 500. To increase to 2013 costing, CE of 570 
is used. The total cost for the vessel is then $156,500. Next the platform and ladder cost is evaluated.  
            
                  
This equation yields a cost for the ladders and platforms around $27,500. Again, to cost for 2013 a CE of 
570 is used, making the cost of the ladders and platforms $31,400. Then the cost for the entire tower is 
calculated as follows. FM is the materials factor which is 1 for carbon steel.   
                                      
Next, the purchase cost of the trays needs to be calculated. Total cost of the trays, CT, is calculated. 
                  
NT is the total number of trays, FNT is the number factor, which is 1 for towers with >20 trays. FTT is the 
type factor, which is 1 for sieve trays; FTM is the materials factor, equal to 1 for carbon steel. CBT finally is 
the base cost for sieve trays, which is calculated with the equation below for 2006 values. 
        
        
Where D is again the diameter. CBT is then $1,330 per tray. 
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Therefore the total cost of the trays is $73,150 for 2006. Scaled to reflect 2013 prices, the cost is $83,400. 
The cost of the entire tower is then calculated with the equation below. 
                                               
FBM is the bare module factor for a vertical pressure vessel. In this case, FBM is 4.16. Cost of the entire 
column is $1,128,600.  
 
Reflux Accumulator:  
For the reflux accumulator, this was sized and a cost estimated for it assuming that it is a horizontal 
pressure vessel. A typical aspect ratio, L/D for this type of a vessel is 2. The overall reflux ratio is 6.4183, 
with the reflux rate at 365.32 lbmol/hr. Average molecular weight is 58.10 lb/ lbmol. Density of this solution 
is assumed to be 50.23 lb/ft
3
. The equation below outlines the total flowrate in ft
3
/hr of the reflux. 
  
       
     
  
      
  
     
 
     
  
   
 
         
  
  
With a typical residence time of 5 minutes (assuming the vessel is actually only half full for this particular 
residence time), the total diameter of the reflux accumulator can be determined. The total volume of the 
container, then, would be 
      
As outlined in the equation below, the diameter is dependent on the residence time and the volumetric 
flow rate of the liquid going into the reflux accumulator. Assuming the vessel is a cylinder in shape, the 
diameter of the vessel would be: 
   
   
 
 
    
 
Using the flow rate and residence time specified above, the diameter is calculated to 3.55 ft. Then the 
total length of the vessel is twice that amount, or 7.1 ft.  
 
From here, the correlations based on f.o.b. purchase costs for pressure vessels and towers can be used to 
calculate the cost of the reflux accumulator. To find the overall cost, the weight of the shell with the two 
heads is approximated by the same weighting equation as seen for the tower.  
                       
With the diameter calculated at Xft and the length at Xft, the overall weight is calculated to be XX,XXX 
lbs. Using the correlations for carbon steel in Seider’s text, pg 574, the following graph can correctly 
calculated the horizontal tower’s (reflux accumulator’s) total cost. Thickness of the vessel is again 0.75 
inches with the density of carbon steel at 0.284 lb/in
2
.  
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The total cost of the reflux accumulator, given by the graph, is around $20,000 for 2006. Scaled to fit 
2013 costing, the total cost comes to around $22,800. However, the bare modulus factor of 4.16 must also 
be multiplied to get the final cost of this horizontal tower.  Multiplying the cost by 4.16 gives a final cost 
estimate at $94,800.  
  
 
Condenser/Reboilder:  
Modeled as heat exchangers. See Heat Exchangers sample calculations.  
 
Reflux Pump:  
Modeled as pump. See Pump sample calculations. 
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Sample Agitator Calculations for R-202 
The entire sizing for the agitators were performed using the following spreadsheet entitled “Agitator 
Power Requirement and Mixing Intensity Calculations” obtained from cheresources.com. By inputting 
the reactor geometry, selecting the type of agitator, inputting the fluid properties in the vessel, the power 
requirement required for the correlations in Seider et al. (SSLW 22.23) would be calculated. 
 
 
Also, the following are correlations from Seider for which a turbine agitator in a closed vessel would be 
cost. 
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Applicable Blocks: R-202A, R-202B, R-202C, N-301
Variable Description Unit
S Size Factor = Motor Hp hp
Relevant Equations: Source
1) Find Equipment Cost
CB  = 3620 × S
0.57 Includes speed reducer, pressures to 150 psig SSLW (22.23)
5) Find Total Vertical Pressure Vessel Cost
FM  = 1 SSLW (pg580)
CP  = CB × FM
CP (CE=575.4) = (575.4/500)*Cp
Agitator (Turbine, closed vessel)
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Sample Blower Calculations (B-101) 
From ASPEN, the brake horsepower, PB (hp) of B-101 is 2.3 hp.  
The fractional efficiency of the electric motor is calculated using (SSLW 22.18) : 
                                  
 ; For             
                                      
       
The power consumption, PC (hp): 
   
  
  
 
      
    
        
Cost 
For a cast iron (FM = 1) centrifugal blower, the f.o.b. purchase cost, CE Index = 500, is given by (from 
SSLW (T22.32)) 
      
                                                     
The bare-module factor, FBM gas compressors and drivers = 2.15 (SSLW T22.11) 
Therefore, the equipment bare-module cost, CE Index = 575.4 is: 
    
       
     
            
     
   
                           
 
Applicable Blocks: B-201, B-202, B-203
Variable Description Unit
Q Inlet Volumetric Flow Rate ft
3
/min
Pi Inlet Pressure psi
Po Outlet Pressure psi
Relevant Equations: Source
1) Find Consumed Power
ηB  = 0.75
PB  = 0.00436×(k/(k-1))×(Q×Pi/ηB)×((Po/Pi)
(k-1)/k
-1) Brake horsepower SSLW (22.30)
ηM  = 0.80+0.0319×ln (PB)−0.00182×ln(PB)
2 Motor efficiency SSLW (22.18)
PC  = PB / ηM Size factor
2) Find Total Blower Cost
CB  = exp (6.8929+0.7900×ln (PC)) SSLW (22.32)
FM  = 1 (Cast Iron)
CFOB  = CB × FM SSLW (T22.11)
FBM  = 2.15
CP  = CFOB × FBM
Centrifugal Blower
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Sample Compressor Calculations (C-101) 
From ASPEN, the brake horsepower, PB (hp) of C-101 is 22.3 hp.  
The fractional efficiency of the electric motor is calculated using (SSLW 22.18) : 
                                  
 ; For             
                                        
       
The power consumption, PC (hp): 
   
  
  
 
       
    
         
Cost 
For a cast iron (FM = 1) screw compressor (valid from 10 < PC < 750 hp), the f.o.b. purchase cost, CE 
Index = 500, is given by (from SSLW (22.38)) 
      
                                                      
The bare-module factor, FBM gas compressors and drivers = 2.15 (SSLW T22.11). Therefore, the 
equipment bare-module cost, CE Index = 575.4 is: 
    
       
     
            
     
   
                             
 
Applicable Blocks: C-101, C-102, C-103, C-301
Variable Description Unit
Q Volumetric Flow Rate gal/min
Pi Inlet Pressure psi
Po Outlet Pressure psi
Relevant Equations: Source
1) Find Consumed Power
ηB  = 0.75
PB  = 0.00436×(k/(k-1))×(Q×Pi/ηB)×((Po/Pi)
(k-1)/k
-1) SSLW (22.30)
ηM  = 0.80+0.0319×ln (PB)−0.00182×ln(PB)
2 SSLW (22.18)
PC  = PB / ηM
2) Find Total Blower Cost
CB  = exp (6.8929+0.7900×ln (PC)) SSLW (22.32)
FM  = 1 (Cast Iron)
CFOB  = CB × FM SSLW (T22.11)
FBM  = 2.15
CP  = CFOB × FBM
Centrifugal Compressor
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Sample Vapor Liquid Separator Calculations 
All the sizing and costing for the vapor liquid separators/flash vessels were performed using ASPEN 
Process Economic Analyzer (IPE). The following are correlations from Product and Process Design 
Principles for which a flash vessel would be sized and cost. Equivalently, the spreadsheet provided by Mr. 
Fabiano was also used to size the flash vessel as a comparison. 
 
Applicable Blocks: F-201, F-301
Variable Description Unit
Q Volumetric Flow Rate ft
3
/min
τ Residence Time min
AR Aspect Ratio, AR = L/D dimensionless
Po Operating Pressure psig
E Weld Efficiency dimensionless  = 0.85 for thickness < 1.25 in.
S Maximum Allowable Shell Stress psi
ρS Density of Carbon Steel lb/in3
Relevant Equations: Source
1) Find Volume
Holdup  = Q × τ ft3
V  = 2 × Holdup ft
3
2) Find Diameter and Length
D  = ((2×V) /π)1/3 ft
L  = D × AR ft
3) Shell Thickness, excl. wind and earthquake considerations
Pd  = exp (0.60608 + 0.91615×ln (Po) + 0.0015655×ln (Po)
2 SSLW (22.61)
tp  = (Pd × D) / (2 × S ×E – 1.2 × Pd) SSLW (22.60)
tC  = 0.125 (in)     Corrosion Allowance
tS  = tp + tc
4) Find Vessel Weight and Cost
W  = π × (D + ts) × (L + 0.8 × D) × tV × ρS SSLW (22.59)
CV  = exp (7.2756 + 0.18255×ln (W) + 0.02297×ln (W)
2 SSLW (22.53)
FM  = 1     Carbon Steel
CVESSEL  = CV × FM
5) Find Cost of Platforms and Ladders
CPL  = 300.9×D
0.63316
×L
0.80161 SSLW (22.58)
6) Find Total Vertical Pressure Vessel Cost
CFOB  = CVESSEL × CPL
FBM  = 4.16 SSLW (T22.11)
CP  = CFOB × FBM
Vapor Liquid Separator
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Sample Heat Exchanger Calculations 
All the sizing for the heat exchangers was performed using ASPEN Plus Exchanger Design and Rating 
(EDR) and costing was done using ASPEN Process Economic Analyzer (IPE).  The following are 
correlations from Product and Process Design Principles for which a shell-and-tube heat exchanger 
would be sized and cost. 
 
  
Applicable Blocks:
Variable Description Unit
Th,in Initial temperature of the hot stream °F
Th,out Final temperature of the hot stream °F
Tc,in Initial temperature of the cold stream °F
Tc,out Final temperature of the cold stream °F
Q Heat duty Btu
U Overall heat exchange coefficient Btu/ft
2
-hr-°F
L Tube length ft
PS Shell pressure psig
a Material of construction factor dimensionless
b Material of construction factor dimensionless
Relevant Equations: Source
1) Find the Log-Mean Temperature Difference
ΔT1  = Th,in − Tc,out SSLW (S18.3)
ΔT2  = Th,out − Tc,in SSLW (S18.3)
ΔTLM  = (ΔT1 − ΔT2) / ln ((ΔT1 ⁄ ΔT2) SSLW (18.3)
2) Find the Area Required for Heat Exchange
A  = Q ⁄ (U × ΔTLM) SSLW (S18.3)
3) Find Vessel Cost
FM  = a + (A/100)
b SSLW (22.44)
FL  = 1     L = 20 ft SSLW (S22.5)
FP  = 0.9803 + 0.018(PS/100) + 0.0017(PS/100)
2 SSLW (22.45)
CB  = exp (11.0545 – 0.9228×ln (A) + 0.09861×ln (A)2 SSLW (22.40)
CFOB  = FM × FL × FP × CB
FBM  = 3.17
CP  = CFOB × FBM SSLW (T22.11)
Shell and Tube Heat Exchanger (Fixed Head)
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Sample Vertical Pressure Vessel Calculations 
The following are correlations from Product and Process Design Principles for which a vertical pressure 
vessel would be sized and cost. 
 
 
Applicable Blocks: R-202A, R-202B, R-202C, DC-301, N-301
Variable Description Unit
Q Volumetric Flow Rate ft
3
/min
τ Residence Time min
AR Aspect Ratio dimensionless
Po Operating Pressure psig
E Weld Efficiency dimensionless
S Maximum Allowable Shell Stress psi
ρS Density of Carbon Steel lb/in3
Relevant Equations: Source
1) Find Diameter and Length
V  = Q × τ
D  = ((4×V) / (AR×π))1/3
L  = D × AR
2) Shell Thickness
Pd  = exp (0.60608 + 0.91615×ln (Po) + 0.0015655×ln (Po)
2 SSLW (22.61)
tp  = (Pd × D) / (2 × S ×E – 1.2 × Pd) SSLW (22.60)
tC  = 0.125 (in)     Corrosion Allowance
tS  = tp + tc
3) Find Vessel Weight and Cost
W  = π × (D + ts) × (L + 0.8 × D) × tV × ρS SSLW (22.59)
CV  = exp (7.2756 + 0.18255×ln (W) + 0.02297×ln (W)
2 SSLW (22.53)
FM  = 1     Carbon Steel
CVESSEL  = CV × FM
4) Find Cost of Platforms and Ladders
CPL  = 300.9×D
0.63316
×L
0.80161 SSLW (22.58)
5) Find Total Vertical Pressure Vessel Cost
CFOB  = CVESSEL × CPL
FBM  = 4.16 SSLW (T22.11)
CP  = CFOB × FBM
Vertical Pressure Vessel
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Sample Pump Calculations 
All the sizing for the pumps performed using ASPEN Process Economic Analyzer (IPE). The following 
are correlations from Product and Process Design Principles for which a pump would be sized and cost 
as a comparison.
 
 
Applicable Blocks: P-101, P-102, P-103, P-201, P-202, P-203, P-204, P-301
Variable Description Unit
Q Volumetric Flow Rate gal/min
ΔP Pressure Rise psi
ρL Liquid Density lb/gal
AG Gravitational Acceleration ft/s
2
Relevant Equations: Source
1) Find Pump head
PH  = (ΔP × 144)/(ρL×AG) ft
2) Find Pump Cost
S  = Q × PH
0.5 SSLW (22.13)
CB  = exp (9.7171−0.6019×ln (S)+0.0519×ln (S)2) SSLW (22.14)
FM  = 1 (Cast Iron) SSLW (S22.5)
FT  = 1.0     50 < PH < 400, hpmax = 75 SSLW (S22.5)
1.5     50 < PH < 200, hpmax = 200
1.7     100 < PH < 450, hpmax = 150
2.0     50 < PH < 500, hpmax = 250
2.7     300 < PH < 1,100, hpmax = 250
8.9     650 < PH < 3,200, hpmax = 1,450
CPUMP  = CB × FM × FT
3) Find Motor Cost
ηP  = 0.7
PB  = (Q × PH × ρL)/(33,000 ×ηP) SSLW (22.16)
ηM  = 0.80+0.0319×ln (PB)−0.00182×ln(PB)
2 SSLW (22.18)
PC  = (Q × PH × ρL)/(33,000 × ηP  × ηM) SSLW (22.16)
CB  = exp (5.8259+0.13141×ln (PC)+0.053255×ln (PC)
2
+0.028628×ln (PC)
3−0.0035549×ln (PC)
4
) SSLW (22.19)
FT  = 1.8     Explosion-proof Enclosure SSLW (S22.5)
CMOTOR  = CB × FT
4) Find Total Cost
CFOB  = CB × FT SSLW (T22.11)
FBM  = 3.3
CP  = CFOB × FBM
Centrifugal Pump
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Sample Reactor Calculations (R-202A, B, C) 
The following calculations serve as a supplement to the methodology outlined in the ‘B. ii. Reactor 
Design’ section of the paper. A lot of the reasoning behind these calculations can be found with reference 
to the afore-mentioned section. The calculations are broken down into several steps that correspond with 
the ‘Reactor Design’ subsections for easy reading. 
 
Vessel Sizing 
The volumetric flow rate, Q of the stream (S-206) entering R-202A is             (from ASPEN)  
The appropriate residence time,   of the whole cascade is 12 hours as determined from literature 
references to give the maximum niacinamide concentration; hence, the residence time,   for each vessel is 
4 hours. 
Total Volume of vessel, V            
   
  
                
From ASPEN, the vapor fraction obtained is 0.463 giving the volume of vapor and liquid as: 
                        
  
                             
  
Adjusting the volume for liquid in the vapor phase: 
                                
  
Adjusting the volume for vapor dissolved in the liquid phase: 
             
       
    
          
Total adjusted volume,                                             
  
 Selecting an aspect ratio, AR = L/D as 3.5. The diameter, D and height, L of the vessel was determined 
to be 14 ft and 48 ft respectively. 
Vessel Costing 
Correlations from SSLW were used. Please refer to Sample Vertical Pressure Vessel Calculations on page 
245. 
Agitator Sizing and Costing 
Please refer to Sample Agitator Calculations for R-202 on page 239. The number of impellers required 
and their individual power requirements were determined for costing using correlations in Product and 
Process Design Principles. 
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Sample Storage Vessel Calculations (T-101) 
From ASPEN, the outlet volumetric flow rate, Qo (gal/hr) of T-101 (S-101) is 404 gal/hr. With a 
residence time, τ (hr) of 7 days or 168 hours and maintaining it at 60% (f = 0.6) of the tank capacity for 
potential increase in productions, the tank volume, V (gal): 
  
      
 
  
     
   
  
            
   
             
Cost 
For a cast iron (FM = 1) floating roof storage tank, the f.o.b. purchase cost, CE Index = 500, is given by 
(from SSLW (T22.32)) 
          
                                     
The bare-module factor, FBM for horizontal pressure vessels = 3.05 (SSLW T22.11) 
Therefore, the equipment bare-module cost, CE Index = 575.4 is: 
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Applicable Blocks: T-101
Variable Description Unit
Q Inlet/Outlet Volumetric Flow Rate gal/hr
τ Residence Time hr
Relevant Equations: Source
1) Find the Tank Volume
V  = Q × τ
2) Calculate Vessel Cost
CFOB  = 475×V
0.51 SSLW (T22.32)
FBM  = 3.05 SSLW (T22.11)
CP  = CFOB × FBM
Floating Roof Storage Tank
Applicable Blocks: T-301
Variable Description Unit
Q Inlet/Outlet Volumetric Flow Rate gal/hr
τ Residence Time hr
Relevant Equations: Source
1) Find the Tank Volume
V  = Q × τ
2) Calculate Vessel Cost
CFOB  = 265×V
0.51 SSLW (T22.32)
FBM  = 4.16 SSLW (T22.11)
CP  = CFOB × FBM
Cone-Roof Storage Tank
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E. PROFITABILITY ANALYSIS SPREADSHEET 
 
 
 
 
Process Title: Green Process to Produce Niacin
Product: Niacinamide
Plant Site Location: Michigan
Timeline:
Number of Years for Design 1 (must be whole number)
Number of Years for Construction 1 (must be whole number)
Number of Years for Production 18
Total Number of Years for Project 20
Start Year 2013
Site Factor 1.00
Continuous Operation:
Days per Year 0
OR
Hours per Year 8026
OR 
Operating Factor 0.0000 (if multiple entries, "Operating Factor" is used)
Discrete Operation: (cannot use Continuous AND Discrete.  If both entered, Discrete used by default)
Hours per Day 0
AND
Days per Year 0
Production Capacity 90% of Design Capacity
Start production at 50% of Production Capacity
Years to achieve full capacity 2
Number of Shifts 5
Depreciation Schedule 5 year
Income Tax Rate 37%
Cost of Capital (for the NPV Calculation) 15% (discount rate)
General Inflation Rate 2%
Product Inflation Rate 0%
Variable Cost Inflation Rate 0%
Fixed Cost Inflation Rate 0%
Product Information:
Enter Product Units lb
(i.e. lb, gram, gal, etc)
Price Per Unit $4.43 /lb
Number of units per: (Specify ONE of the three.  If multiple entries, "Year" is used.)
Year 27,701,739        lb per Year
OR
Day -                     lb per Day
OR
Hour -                     lb per Hour
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Raw Materials
Raw Material: Unit: Required Ratio: Cost of Raw Material:
1 MPDA lb 0.958090595 lb per lb of Niacinamide $3.091 per lb
2 Nitrogen MT 4.06E-12 MT per lb of Niacinamide $110.000 per MT
3 Oxygen MT 1.94E-10 MT per lb of Niacinamide $77.000 per MT
4 Process Water lb 0.34766606 lb per lb of Niacinamide $7.500E-04 per lb
5
6
7
8
9
10
Total Weighted Average: $2.962 per lb of Niacinamide
Byproducts
Byproduct: Unit: Ratio to Product Byproduct Selling Price
1
2
3
4
5
6
7
8
9
10
Total Weighted Average: $0.000E+00 per lb of Niacinamide
Utilities
Utility: Unit: Required Ratio Utility Cost
1 High Pressure Steam lb 9.0943 lb per lb of Niacinamide $7.520E-03 per lb
2 Critical Refrigeration ton-day 0.001212 ton-day per lb of Niacinamide $3.990 per ton-day
3 Refrigeration ton-day 0.0067607 ton-day per lb of Niacinamide $2.440 per ton-day
4 Cooling Water lb 489.399 lb per lb of Niacinamide $8.550E-05 per lb
5 Electricity kWh 4.98E-01 kWh per lb of Niacinamide $0.068 per kWh
6 Hot Water lb 0.3494043 lb per lb of Niacinamide $8.550E-04 per lb
7
8
9
10
Total Weighted Average: $0.166 per lb of Niacinamide
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5 year 7 year 10 year 15 year 20 year
1 20.00% 14.29% 10.00% 5.00% 3.75%
2 32.00% 24.49% 18.00% 9.50% 7.22%
3 19.20% 17.49% 14.40% 8.55% 6.68%
4 11.52% 12.49% 11.52% 7.70% 6.18%
5 11.52% 8.93% 9.22% 6.93% 5.71%
6 5.76% 8.92% 7.37% 6.23% 5.29%
7 8.93% 6.55% 5.90% 4.89%
8 4.46% 6.55% 5.90% 4.52%
9 6.56% 5.91% 4.46%
10 6.55% 5.90% 4.46%
11 3.28% 5.91% 4.46%
12 5.90% 4.46%
13 5.91% 4.46%
14 5.90% 4.46%
15 5.91% 4.46%
16 2.95% 4.46%
17 4.46%
18 4.46%
19 4.46%
20 4.46%
21 2.23%
MACRS Depreciation Schedule:
Other Variable Costs
General Expenses
Selling / Transfer Expenses: 3.00% of Sales
Direct Research: 4.80% of Sales
Allocated Research: 0.50% of Sales
Administrative Expense: 2.00% of Sales
Management Incentive Compensation: 1.25% of Sales
Working Capital
Accounts Receivable a 30 Days
Cash Reserves (excluding Raw Materials) a 30 Days
Accounts Payable a 30 Days
Niacinamide Inventory a 2 Days
Raw Materials a 7 Days
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% of Total Permanent Investment
2014 100% (default is first year of Construction, otherwise over-ride this year)
2015 0%
2016 0%
2017 0%
Cost of Site Preparations: 5.00% of Total Bare Module Costs
Cost of Service Facilities: 5.00% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities: $500,000
Cost of Contingencies and Contractor Fees: 18.00% of Direct Permanent Investment
Cost of Land: 2.00% of Total Depreciable Capital
Cost of Royalties: 2.00%
Cost of Plant Start-Up: 10.00% of Total Depreciable Capital
Equipment Costs
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Name (must be filled-in!) (default 3.21 if blank)
A-101 Fabricated Equipment 791,116 4 $3,291,044
A-102 Fabricated Equipment 548,989 4 $2,283,795
B-201 Process Machinery 2,555 2 $5,492
B-202 Process Machinery 2,304 2 $4,954
B-203 Process Machinery 2,828 2 $6,080
C-101 Process Machinery 40,335 2 $86,719
C-102 Process Machinery 94,138 2 $202,397
C-103 Process Machinery 118,025 2 $253,753
C-301 Process Machinery 1,084,345 2 $2,331,342
D-101 Fabricated Equipment 967,255 4 $4,023,779
DC-301 Fabricated Equipment 38,089 4 $149,787
DR-301 Fabricated Equipment 804,369 2 $1,657,000
F-201 Fabricated Equipment 128,760 4 $535,640
F-301 Fabricated Equipment 115,273 4 $479,535
HX-101 Fabricated Equipment 76,656 3 $243,001
HX-102 Fabricated Equipment 74,697 3 $236,789
HX-201 Fabricated Equipment 133,947 3 $424,612
HX-202A Fabricated Equipment 104,322 3 $330,700
HX-202B Fabricated Equipment 77,117 3 $244,462
HX-203 Fabricated Equipment 57,636 3 $182,707
HX-204 Fabricated Equipment 57,636 3 $182,707
HX-205 Fabricated Equipment 72,622 3 $230,211
HX-206 Fabricated Equipment 53,371 3 $169,187
HX-301 Fabricated Equipment 66,282 3 $210,113
HX-302 Fabricated Equipment 123,457 3 $391,359
HX-303 Fabricated Equipment 56,829 3 $180,149
HX-304A Fabricated Equipment 253,139 3 $802,450
HX-304B Fabricated Equipment 88,414 3 $280,273
N-301 Fabricated Equipment 45,900 4.16 142,736
P-101 Process Machinery 30,547 3 $100,806
P-102 Process Machinery 30,432 3 $100,426
P-103 Process Machinery 41,844 3 $138,085
P-201 Process Machinery 34,467 3 $113,740
P-202 Process Machinery 34,467 3 $113,740
P-203 Process Machinery 34,467 3 $113,740
P-204 Process Machinery 31,239 3 $103,088
P-301 Process Machinery 36,541 3 $120,587
R-101 Other Equipment 810,184 3 $2,568,283
Additional Equipment $10,733,767
Total 33,769,035
(Note: The first 38 equipment items are displayed in the Input Summary tab.  Items listed below are included in calculating the total bare module cost.)
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ADDITIONAL EQUIPMENT
Equipment Description Purchase Cost Bare Module Factor Bare Module Cost
Name Type (default 3.21 if blank)
R-102 Other Equipment $30,713 3 $97,359
R-201 Other Equipment $721,219 3 $2,286,265
R-202A Other Equipment $268,719 3 $918,160
R-202B Other Equipment $268,719 3 $918,160
R-202C Other Equipment $268,719 3 $918,160
T-101 Storage $206,429 3 $629,609
T-301 Storage $104,337 4 $434,044
Wastewater Treatment Other Equipment $239,065
Wastegas Treatment Other Equipment $40,000
Wastegas Treatment Other Equipment $40,000
Dowtherm System Other Equipment $722,207
Reactor 1 Catalyst Catalysts $3,808 1 $3,808
Reactor 2 Catalyst Catalysts $783,300 1 $783,300
Reactor 3 Catalysts $1,645,510 1 $1,645,510
Reactor 4 Catalysts $153,910 1 $153,910
P-101 Spares 30,547 3 $100,806
P-102 Spares 30,432 3 $100,426
P-103 Spares 41,844 3 $138,085
P-201 Spares 34,467 3 $113,740
P-202 Spares 34,467 3 $113,740
P-203 Spares 34,467 3 $113,740
P-204 Spares 31,239 3 $103,088
P-301 Spares 36,541 3 $120,587
Bare Module Factor Calculator:
Use the tool below to calculate a particular bare module factor, then input in the required column to the left:
(Note, if no bare module factor is entered, the default of 3.21 will be used)
Cost of Installation Materials: 71% of Equipment Purchase Cost
Cost of Installation Labor: 54% of Equipment Purchase Cost
Cost for Freight, Insurances, and Taxes: 9% of Equipment Purchase Cost
Cost of Construction Overhead: 57% of Equipment Purchase Cost
Cost of Contractor Engineering Expenses: 30% of Equipment Purchase Cost
Total Derived Bare Module Factor: 3.21 of Equipment Purchase Cost
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Fixed Costs
Operations
Operators per Shift: 1 (assuming 5 shifts)
Direct Wages and Benefits: $35 /operator hour
Direct Salaries and Benefits: 15% of Direct Wages and Benefits
Operating Supplies and Services: 6% of Direct Wages and Benefits
Technical Assistance to Manufacturing: $0.00 per year, for each Operator per Shift
Control Laboratory: $0.00 per year, for each Operator per Shift
Maintenance
Wages and Benefits: 4.50% of Total Depreciable Capital
Salaries and Benefits: 25.00% of Maintenance Wages and Benefits
Materials and Services: 100.00% of Maintenance Wages and Benefits
Maintenance Overhead: 5.00% of Maintenance Wages and Benefits
Operating Overhead
General Plant Overhead: 7.10% of Maintenance and Operations Wages and Benefits
Mechanical Department Services: 2.40% of Maintenance and Operations Wages and Benefits
Employee Relations Department 5.90% of Maintenance and Operations Wages and Benefits
Business Services 7.40% of Maintenance and Operations Wages and Benefits
Property Taxes and Insurance
Property Taxes and Insurance: 2.00% of Total Depreciable Capital
Straight Line Depreciation
Direct Plant: 8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs 
for Utility Plants and Related Facilities
Allocated Plant: 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities
Other Annual Expenses
Rental Fees (Office and Laboratory Space): $0
Licensing Fees: $0
Miscellaneous: $0
Depletion Allowance
Annual Depletion Allowance: $0
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F. MSDS AND COMPOUND DATA 
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